APR 16 1943 


APRIL 1943 


The Effect of Full Load on Farm Machine 
Operating Economies H. P. Bateman 


A Study of Causes of Farm Barn Failures 
Due to Wind C. K. Oris 


How to Get More Production from Im- 
proved Irrigation Practices Howard Matson 


Over-all Performance of Series Combina- 
tions of Machines McKibben and Dressel 


Machinery Problems in the Production of 
Rubber-Bearing Plants R. B. Gray 


THE JOURNAL OF THE AMERICAN SOCIETY OF AGRICULTURAL ENGINEERS 


ereeienemeae 8 Oe Be OS educate’, 3.) "an a | Sai eer : 
Ge ES. og or) ce e ~ Stee Aiea ey o's a ‘ € ah oy = re, 4 ‘/ ‘ 
RCo Re! | on is ee) oe 8 th Nerds co "1 Seat Mea ; ena es. aa pes 
SEo BNE OR hs Sy ae Rpg sa le Coed Meiosis EIR a amit |: |= aay ae Sean cr . 
2 Te Sete 8 “ai i Seger SEE i gee ciedtiee So, ae ieee. , ? ; pes : 
a See ce am foe SARA PET ect cyan ee Som RP Rae $ uo VE ; ; 
va BG ay rete s SRR rake i ae 2 Re ee 2 Bens 
poe Pee Ss _ ae Spagna eet eae en ey ae eee Rea as SS mark NG S ie eee 
oat fo See - co : MEE TI . 
as! ae 
: a Po 
ee baer < 
--oa ow 
ae 4 4 
op ih s 
re 
e " ‘ 
ee» \ : 
Ge: So 
ae ie R Bs; 
Bay . 
rs Allee A - 
is pape 5 - x 
oe | ; 
& 
eve. baat 5 
wae ¥ | 
(ae | 
haem. 7 
if ee , 
ee LY . 
i : 
ha «1 ~ ; Po 
BEE: 
Bite ¢ . 
ee ; 
ay . . 
i eran 
a 
oe 
Beni? 
a oe 
on Z 
ee 
‘a3 
etek 
be ree 
ae 
ung 
ae 
eee 
: ea, 
eee 
he 
ae <t 
_ ae 
ica 
Santen as 
Baas 7 
ga 
ill gale 4 . 
he 
cere 
eye, 
2, Ee ae 
ae 
POEL ¥ 
ieee 
BBS) 
ete 5 ‘ 
Pees 
eh ) 
Bs ii a om 4 é 
eee 
eae 
| an 
a 
oa 
i { 
ee ae 
Pema 
are j 
: > sea te + | 
| er 
a2 2a : 
aes | 
foes | 5 ao 
ok 
oe) ee 
Sen 
a 
Sea 
Sc a ‘ 
By Pe es eae 2 Nee ™ Be epee ec a es ee Rey i . 
“7 ht ory ttee, 8 ~icom Ge Ape rae ya ie eee ae | 7 sa SE as i i 
— iS ee pe Sloe oem a UR ee” ah” ae ES oe a 3 a F- a * 


ee m S8 if 


NOE oe 


~~ 2 


= 


New Short Cut in Harvesting, Storing and Feeding Hay 


F\ When you cut hay at its most 
“Sy valuable -stage, the leaves or 
wy blades are easy prey to sun, to 
"rain, even to dew. Every hour 
CASS) of exposure means losses of 

—" vitamins and palatability or of 
protein and minerals. If leaves are 
shattered off, all these losses are 
still greater. 

In the Case System of making Air- 
Conditioned Hay these losses are 
largely avoided. Soon after cutting, 
the swath is side-raked into a high, 
fluffy, quick-curing windrow with 
leaves mostly inside, shaded from 
bleaching and excessive drying by 
the sun. 


Final short-cut in the complete 
Case System is putting the leafy, 
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green hay into “packaged pasture” 
with the new Sliced-Hay baler. 
There is no rough handling...in 
fact, hardly any handling...as the 
pick-up lifts the windrow gently 
onto the apron of the continuous- 
feed baler. Safely inside the bale, 
there is no chance for the precious, 
protein-rich leaves to get away. 

Stored in the barn or stacked in 
the open, Sliced-Hay can be piled 
with breathing spaces between the 
bales for cooling air to circulate and 
continue curing. Three to five tons 
can be stored in the space taken by 
a single ton of bulk hay. Handling, 
hauling, and shipping all are easier, 
faster, less costly. 

At feeding time, Sliced-Hay bales 


‘a oo 


need no tearing apart. Instead, they 
separate into portions like slices of 
bread, again guarding the leaves 
from being knocked off. The appe- 
tite of your animals is tempted by 
more of the color, aroma and soft- 
ness of summer forage. 


You may have to wait for the ben- 
efits of Sliced-Hay, due to prior 
orders for the allowable production 
of Case balers, but it will be worth- 
while for you to see your Case 
dealer now. Meanwhile, adjust your 
side-delivery rake to make wind- 
rows as near as possible like those 
built by a Case. 


Write for big free illustrated book 
on the Case System of Making Hay. 
J. 1. Case Co., Racine, Wis. 


* * * 


Three persons. ..and two of them may be 
youngsters. ..are all it takes to run a Case 
Sliced-Hay pick-up baler and the tractor 
which pulls it. They do a complete job 
from windrow to finished bales at the 
rate of two acres an hour in average hay. 
This baler has no heavy blocks to handle 
—bales are measured to uniform length 
automatically and separated by light 
metal dividers. 


As a service to agriculture, this message is appearing in farm papers. It 
is one of a series urging farmers to adopt advanced practices, using 
equipment they already have to promote war-time food production 
and conserve agricultural resources. 


J. I. Case Co., Racine, Wis. 
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Speak Whereof Ye Know 


N HIS address nearly a decade ago, climaxing his term 
as President of the American Society of Agricultural 
Engineers, Arthur Huntington urged his fellow members 
to rise above a purely professional and technical concept of 
engineering, to accept and assert the responsibility for 
public leadership which is theirs by virtue both of their 
education at public expense and of that basic obligation of 
all citizens to contribute toward the public weal in ways 
for which they are peculiarly qualified. To some of us it 
seemed almost a directive for engineers to engage in polli- 
tics, something from which most of us shrink. 


Because we have not sufficiently obeyed Mr. Hunting- 
ton’s behest, we have fallen short of what we might have 
done toward a vigorous and balanced war effort; not so 
much as individuals, perhaps, but as an organized pro- 
fession. As individual engineers, and as a body within the 
walls of our meetings, we have known from the first threat 
of war what would be needed in the way of food and what 
would be demanded of agriculture. Some, such as Past- 
President F. A. Wirt in his addresses to the Farm Chem- 
urgic Council about a year ago and to the A.S.A.E. annual 
meeting in Milwaukee, made bold to appraise the prospects, 
sound the alarm, and point the ways we should go. Most 
of us hesitated to project ourselves and our views into 
public attention or upon public servants. 

Now that events have proved how right we were in 
our facts, how wrong we were in our modesty, we may well 
take new confidence and new measures to make known 
what must be done to achieve victory on the food front, 
and the leadership we can furnish. We certainly can raise 
our voices with authority when we speak as individuals. 
Ways should be found to speak more promptly and more 
forcefully as an organized profession. 


Obstacle to Unity 


FTER many years of active contact with the agricul- 
tural engineering profession, we feel that no group 

or class of people is more free from racial prejudice and 
antipathy. It is so far beneath the level of their thinking 
that they scarcely sense the existence of such racial feeling 
among certain considerable sections of the American pop- 
ulace. Indeed, it would not occur to us were it not for the 
fact that racial emotions have complicated a phase of the 


food program with which agricultural engineers are vitally 
involved. 


Engaged as we are in a war to the death with an enemy 
whose program is largely along lines of racial hatreds and 
intolerance, this is no time to lend shadow of substance to 
his sneering propaganda, however false and ill-founded it 
may be. We believe it would be wise, in these circum- 
stances, to avoid putting persons of controversial races into 
controversial positions of public power or prominence. We 
understand that certain leaders of these races themselves 
have counselled their people to avoid situations that might 
fan the fires of intolerance. 

These considerations are valid even when the com- 
petence of the individual is above question. When his 
competence happens also to be highly controversial, it 
creates a situation so full of dynamite as to call for instant 
and exemplary correction. 


EDITORIAL 


AGRICULTURAL ENGINEERING 


Down to Essentials 


EVERAL years ago I suggested that, in the face of low 
S farm prices and high production costs, it might be 
worth while to attempt to evaluate some of the most im- 
portant units of farm machinery in terms of their individual 
contributions to the ultimate net value of the crop produced. 
This suggestion did not meet with much favorable response 
from most agricultural engineers to whom it was presented, 
Apparently little was ever done about it. 


The situation has changed. We are told that farmers 
are now facing an unprecedented shortage of farm ma. 
chinery as well as a demand for unprecedented farm pro- 
duction. The shortage of farm machinery is based upon 
the simple fact that the raw materials which go into modern 
farm machinery are the same raw materials which go into 
the manufacture of war machinery. 


Perhaps it is timely to suggest that the notion of several 
years ago, namely, that we did not know enough about 
the place of each cultural operation involving a separate 
farm machine in the economics of production of a crop, is 
now a pertinent one. Not knowing these facts now any 
too well, we are not in too good a position to convince the 
war production men controlling the nation’s supply of raw 
materials that so much iron, steel, brass, copper, and other 
materials should be allotted to the manufacture of a given 
number of cultivators, peanut harvesters, plows, and other 
production and processing farm machinery. 

However, it appears that, while it is pretty late, a lot 
may still be accomplished by agricultural engineers who 
know the facts and who will get together with crop pro- 
duction people, economists, and others concerned and 
engage in some carefully planned analytical study of the 
machinery requirement situation. This undoubtedly will 
involve a tremendous amount of work, but when the job 
is finished for a crop such as corn, for example, we ought 
to know more than we do now about how essential each 
machine is to that crop. 


Once the relative essential character of each production 
operation and the corresponding machinery has been estab- 
lished for a crop, it is suspected that, if the present critical 
condition of much of the raw material continues, agricul- 
tural engineers are likely to be asked to justify further 
some of the latest models of machines. The fact remains 
that important farming operations were performed once 
quite successfully, if perhaps not as efficiently as they have 
been more recently, with lesser machines from the stand- 
point of engineering perfection. To cite a simple, homely 
example, many agricultural engineers well remember the 
wooden pegs on the shanks of cultivator shovels and how 
it was often necessary to replace them in the field. The 
possibility remains, therefore, that agricultural engineers 
may be asked, in the interest of the war effort, to strip 
farm machinery down to the bare essentials of performing 
necessary mechanical cultural operations. 

No doubt the American Society of Agricultural En- 
gineers has among its members many who can cope com 
petently with this machinery situation. These men can 
think this thing out in its essential details in a way which 
will give American farming not all it needs, of course, but 
its legitamate share of the raw materials needed to provide 
the essential farm machinery to meet the emergency farm 
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APRIL 1943 


Effect of Full Load on Farm Machine 
Operating Economies 


By H. P. Bateman 


MEMBER A.S.A.E. 


ARMERS and others interested in food production 

have in the past successfully developed and adopted 

improved methods of using labor, power, and machin- 
ery on the farm to bring about savings in production cost. 
The wartime problem of producing more food with a mini- 
mum amount of labor and fuel has resulted in an increased 
need to seek and apply new and improved power and ma- 
chinery operating methods. The critical farm machinery and 
labor situation can be relieved to some extent through great- 
er efiort on the part of more farmers to plan their machine 
operations so that the tractor will be operating at or near 
its full load during as many operations as possible. 

It is a fundamental fact (Fig. 2) that the tractor will 
produce the most work for a given quantity of fuel when 
it is operating at the full load for which it was designed. 
Full load is considered to be the rated load as given by the 
Nebraska test. Besides resulting in better fuel economy, 
operating at full load accomplishes more work for a given 
amount of man labor and tractor time. 

The results of the tractor operations performed on a 
typical Illinois grain farm located in Champaign County 
are presented to indicate how a farm-operated tractor was 
loaded throughout the season. These results were taken 
from records obtained in a study of labor, power, and 
machinery relationships made by the department of agri- 
cultural engineering at the University of Illinois. One 
tractor rated at 18-24-hp, or a two-plow size, was used for 
the field operations on this 257-acre farm. Only on rare 
occasions was another 
tractor borrowed to help 


— complete an operation 


on time. During the sea- 
son of 1940, the area of 
various Crops grown and 
harvested on which the 
tractor operations were 
performed, included 72 
actes of corn, 81 acres 
of soybeans, 5 acres of 
oats, 36 acres of wheat, 
and 30 acres of clover. 
A study of the op- 
erations performed by 
this tractor will suggest 
Practices that may be 


—_ 


Paper presented December 
8, 1942, at the fall meeting 
of the American Society of 
Agricultural Engineers at 
Chicago, Ill. A contribution 
of the Power and Machinery 
Division. Author: First as- 
sistant in agricultural engi- 
neering. University of Illinois. 
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followed on an individual farm to save fuel and time. 
Records taken on neighboring farms during the same period 
indicate that similar results may be expected on many other 
farms of similar size and type. Similar results were found 
from the two other season’s records which were available 
for the tractor used on this farm. The records for all three 
seasons were used for part of the results to be presented. 

The total time required for each operation was obtained 
by attaching a Servis-recorder to the tractor. The recorder 
chart shown in Fig. 1 shows the distribution of the total 
operating time for two operations performed on three suc- 
cessive days. The recorder chart made it possible to distri- 
bute accurately the total time spent in operating the tractor 
and to determine the amount of time lost as a result of 
necessary servicing, making minor repairs and adjustments, 
filling seed containers, etc. The amount of fuel used was 
determined for each operation by means of a depth gauge 
which has been calibrated for this particular tractor tank. 

The fuel consumption rate per hour was used as the 
basis for determining the load developed for a given op- 
eration. The fuel consumption rate for the various loads 
developed by the tractor was determined by tests in the 
laboratory at the end of the 1940 season. A comparison 
of the results of the fuel performance test before and after 
making tune-up adjustments on this tractor and the Ne- 
braska test results for the same make and model is shown 
in Fig. 2. Very little change in the fuel economy of this 
tractor was found as a result of the adjustments made. 
This fact would indicate 
that the fuel consump- 
tion rates for a given 
load was reasonably con- 
stant during the pre- 
vious season as the ad- 
justments made were 
those which the operator 
might change to cause a 
large variation in the 
fuel consumption rates, 
and the changes resulted 
in much greater varia- 
tion on some _ other 
tractors tested. 

In order to obtain 
comparable results, gas- 
oline was selected as the 
fuel for the test because 
it was the fuel used by 
the farmer during the 
season. Lower weight 
and, in turn, the lower 
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heat content per gallon of gasoline as compared to distillate 
accounts in large part for the lower fuel economy on a 
gallon basis obtained in this test than was obtained in the 
distillate test on a tractor designed to burn either gasoline 
or distillate. A Nebraska test in which gasoline was used 
was not available for comparison. 

The full range of tractor power from no load to full 
load was divided into ten classifications, and the range in 
fuel consumption for each classification or ‘load class’’ was 
obtained from the test results given in Fig 2. The actual 
range of the fuel consumption for each load class is given 
in Table 1. 

The total number of hours the tractor was operated at 
various loads during the season is shown in Fig. 3. These 
totals were determined from the record of the hours the 
machine was run at various fuel consumption rates. The 
results indicate that during much of the time operation 
was at less than one-half load. It is interesting to note 
that the tractor was idling 15 per cent of the total operating 
time (included in the 0 to 5 per cent load class) and in 
addition 71/, per cent of the total operating time was spent 
in traveling to and from the field with a load averaging 
10 per cent. 


The significance of operating a tractor a large part of 
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the time at low loads is indicated by results of the fuel 
performance test shown in Fig. 2. Fuel economy is low 
during operation at part loads. Also the additional fuel 
required for full load is relatively small compared to the 


. Py 
eared 424 Fi 


SE SSER 


Fig. 1 Recorder chart showing distribution of operating 
time and time lost during two machine operations 


TABLE 1. TOTAL HOURS THE TRACTOR OPERATED AT VARIOUS LOADS ON THE 
OPERATIONS PERFORMED DURING THE 1940 SEASON 


requirement for part loads. 
This small increase in fuel 


Load class—% full load 0 10 20 30 40 50 60 70 80 90 100 Total consumption accounts for : 
Fuel consumption, Low 0 .76 1.59 1.74 1.89 2.04 2.18 2.33 2.48 2.63 2.76 Per : 2 f additional 
gal per hr High .75 1.58 1.73 1.88 2.03 2.17 2.32 2.47 2.62 2.75 2.84 Hours cent Major portion of additiona 
Gperettons cost of operating at full load. 
Plowing 3.88 2.3b 22.2 10.5 38.8 5.8 mee 
Plowing and harrowing 1.0 8 10.1 11.9 1.8 By determining the total 
Cela oS SR Se eee eee 

sking and harrowing d J i R ‘ B . F é 
Harrowing 3.0 4.9 86 18 16.0 9.1 43.4 65  Veloped by the tractor on all 
Seeding (broadcast) 9 8.00 8.9 1.3. the operations it is possible to 

ad Drilling 5.8 1.7 6.0 19.4 1.3 34.2 5.1 : : E: 
Planting corn 10.7 8 17.0 28.5 4.2 determine the potential a 
Cultivating corn 54 3.4 20.8 50.9 80.5 12.0 in the season’s fuel consump- 
tein — = 65.2 82 tion and operating time if all 
Combining 18.0 83 31.7 21.7 19 81.6 121 the operations had been per- 
Picking corn 23.2 9.2 49.1 26.8 108.3 16.1 formed at full load. The total 
Odd jobs 19.0 27.08 46.0 6.8 

; cee _ 
Total hours 104.2 117.5* 36.1 78.5 82.4 104.4 16.0 66.8 46.0 15.2 5.7 672.8 100.00 drawbar horsepower-hours fo 
Per cent of total 15.5 17.4 54 117 122 15.6 24 9.9 68 23 .8 100.0 each load class were determin- 


a Except where noted, 
b Except where noted, 
¢ 1.0 hr under load. 
46.7 hr under load. 


hours in this column are for idling. 
hours in this column are for traveling. 
e 38.2 hr under load. 
f 22.6 hr under load. 


* 67.5 hr under load, or 10.0 per cent time under load. 
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ed by multiplying the total 
number of hours of use, as 
shown in Table 1, by the av- 
erage drawbar horsepower de- 
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Fig. 2 (Left) Fuel performance curves for a farm tractor as compared 
to the Nebraska test e Fig. 3 (Center) Distribution of a season’s 
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tractor operating time e Fig. 4 (Right) Fuel performance curves for 
three sizes of tractors 
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TABLE 2. RATES OF PERFORMANCE AND COST FOR VARIOUS TRACTOR MACHINE OPERATIONS: 
Time Fuel Load Mach. 
Field Labor Labor Gal Gal class cost Operation cost» 
Mach. hours hours effi- per per ‘Of Per Mach. Tractor Fuel Labor Total 
Machine used Operating conditions width per per ciency, acre houre full hre Dollars per acre 
acreb acree %d load 
Plow (spring) Corn ground 2-16-in -83 -91 82 1.94 2.50 80 -18 +15 21 -23 -32 -91 
od Clover ground -86 1.08 82 2.34 2.47 70 -18 15 -21 -28 -38 1.02 
(fall) Corn ground -85 1.02 78 2.06 2.32 60 -18 -15 21 -25 -36 -97 
id Soybean ground -91 1.07 84 1.71 1.96 40 .18 .16 -23 21 .37 -97 
es Clover ground 1.12 1.23 82 2.37 2.24 60 -18 -20 -28 -28 -43 1.19 
Plow and harrow Corn ground 2-16-in & -92 1.02 83 2.09 2.34 70 -21 .19 -23 -25 .36 1.03 
-(spring) Clover ground 1 sec. 1.21 1.27 75 2.19 2.08 50 -21 +25 .30 -26 -44 1.25 
Tandem disk Cornstalks 8 ft -21 -26 77 48 2.15 50 -14 -03 .05 -06 -09 -23 
-(spring) Spring plowed ground -28 .30 91 -78 2.85 100 -14 -04 07 .09 .10 .30 
Fall plowed ground -29 .34 83 .74 2.55 80 .14 -04 -07 .09 Pe | -32 
Tanden disk and Spring plowed ground 8-ft 8-ft 31 .33 90 -70 2.30 60 .18 .06 .08 .08 -12 .34 
harrow (spring) Fall plowed ground 27 +31 86 -74 = 2.66 90 -18 -05 .07 -09 -11 .32 
Harrow Before planting 18-ft -11 -14 76 -24 2.16 50 aa -01 .03 -03 -Wo pe 
After planting et | -14 70 -20 1.86 30 me | -01 -03 -02 -05 il 
Drill Soybeans 8-ft -28 -32 78 -51 1.92 40 -46 -13 .07 -06 -11 .37 
Disk and drill Soybeans 8-ft 8-ft .32 .39 70 -73 = =—-.2.36 70 -60 -19 -08 -09 -14 -50 
Corn planter Corn 4-row .37 .40 59 -52 1.84 30 -87 32 .09 .06 .14 -61 
Corn cultivator First cultivation 2-row 34 -39 80 -63 1.85 30 -27 .09 .09 .08 .14 -40 
Second cultivation -38 -43 85 -66 1.70 20 -27 -10 -10 -08 +15 -43 
Third cultivation -30 -33 88 -52 1.72 20 -27 -08 -08 -06 12 .34 
Mower Hay 7-ft -40 -50 69 -57 1.34 10 .39 -16 -10 -07 -18 -51 
Combine Wheat 12-ft .35 -43 63 -57 1.79 30 -63! -22 -09 -14) - 30k -75t 
Soybeans 47 .56 57 -64 1.54 10 -63! .30 12 -15) .39k -961 
Corn picker 2-row -80 -89 65 1.36 861.96 40 -96 -77 -20 -16 -31 1.44 
(puil-type) 
2 Results from three seasons records of two-plow tractor used on a typical Illinois grain farm. 
» Field time includes the tractor and machine operating time plus lost time to make minor repairs, adjustment, or unload such machines as 
combines and corn pickers. 


«Labor time includes field time plus time for traveling and servicing tractor and machines. 

4 Labor efficiency is the per cent the tractor and machine operating time is of the total labor time spent on the operation. 
e¢ Fuel gallons per hour is rate used by tractor during the time it is under load in operating the machine. 

‘Load class is determined from the rate of fuel consumption; the range for each class is given in Table 1. 

«Machine cost per hour was calculated for the investment in and amount of use for the machines used on this farm. 


hCost per acre determined from following cost per unit times number of units required per acre: 


cludes all cost except fuel), fuel (gasoline) at 12c per gallon. 
i Low cost due to low investment in an old machine. 
i Includes fuel cost for combine. 
k Labor for two men. 


veloped at that load. The tractor used developed 4,320 
dhp-hr (drawbar horsepower-hours) during the season 
with a fuel consumption of 1,150 gal. The average fuel 
economy was therefore 3.75 hp-hr per gal. Providing the 
same total number of drawbar horsepower-hours had been 
developed with the tractor operating at a 90 per cent load 
with a fuel economy of 5.75 hp-hr per gal, the fuel con- 
sumed during the season would have been reduced 35 
per cent. 

For the whole season the tractor was operated at an 
average of 6.4 hp, or 40 per cent of full load, whereas 
if it had been operated at a 90 per cent load it would have 
developed 16.2 hp. By operating at the latter load, a saving 
of 60 per cent in operating time would also have resulted. 
It is realized, however, that it would be almost impossible 
to obtain these identical savings in actual practice because 
of the many kinds of machines used and the conditions 
under which the machines were operated. 

A distribution of the total time to various operations, 
as shown in Table 1, indicated that the load varied accord- 
ing to the various machines used, and also for a particular 
machine. Such variation is due to differences in soil con- 
ditions and in adjustment of the machine. In many cases 
machines which require a small amount of power to operate 
are used a relatively large number of hours and are of such 
nature that they cannot be conveniently or successfully 
changed to increase the load on the tractor. 

Other factors and conditions which must be taken into 
consideration in maintaining a full load on the tractor at 
all times are listed here; they must also be considered in 
determining what machine or combination of. machines 
can be used successfully under various conditions. They 
are as follows: 


1 Soil conditions vary during the season and on dif- 
ferent parts of the farm. 


Man at 35c per hr, tractor at 25c per hr (in- 


No 


Crop conditions vary during the season. 


An interval must elapse between some operations to 
allow time to prepare the desired seedbed; this fact influ- 


ences the operations which may be combined and completed 
at one time. 


Ww 


4 In some combinations one machine cannot be suc- 
cessfully hitched behind another. 


5 The amount of work to be done may not justify 
the use of a large machine. 


6 The reserve power may need to be greater for some 


machines in order to allow for operation under adverse 
conditions. 


7 On some makes of machines the small draft per 
foot of width limits the total draft in a machine of con- 
venient operating width. 

8 For some machines the speed of operation must be 
limited if a good quality of work is to be done. 


The tractor operator should plan his operations in 
order to overcome these conditions which increase the 
difficulty of using the tractor at full load all the time. On 
the individual farm there are machine operations that can 
be combined to increase the load on the tractor and thus 
obtain a saving in time and fuel. Working cooperatively 
with a neighbor may make it possible to combine operations 
or to do enough work to justify the investment in a larger 
machine. 

The total operating costs for the various machines used 
on the Champaign County farm under different conditions 
are shown in Table 2. Records for three seasons were used 
in order to obtain results for more kinds of operating con- 
ditions and for more than one season on the same condition. 
The sizes of machines used were those normally pulled 
with a tractor of this size. Particular attention is called to 
the savings that resulted from combining the operations 
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of plowing and harrowing, disking and harrowing, disking 
and drilling when the operating conditions are similar. In 
combining the operations of two machines, larger savings 
will result with machines which are operated together with 
the same adjustment and in the same width as when oper- 
ated separately. 


TABLE 3. EFFECT OF COMBINING OPERATIONS ON THE TIME, 
FUEL, AND COST REQUIRED FOR A TYPICAL 
SERIES USED IN CORN GROWING 
All operations All possible 


separate operations combined 
Labor, Fuel, Cost, Labor, Fuel, Cost, 
hr gal dollars hr gal dollars 
per per per per per per 
Operations acre acre acre acre acre acre 
Disking stalks -26 -48 -23 -26 -48 +23 
Plowing (and) -91 1.94 -91 
harrowing .14 -24 -12 1.02 2.09 1.03 
Disking (and) .30 -78 -30 
harrowing .14 .24 12 .33 .70 34 
Disking (and) .30 -78 -30 
harrowing .14 +24 -12 -33 -70 -34 
Planting -40 -52 -61 -40 -52 -61 
First cultivation .39 -63 -40 -39 -63 -40 
Second cultivation -43 -66 -43 43 -66 -43 
Third cultivation .33 .52 .34 -33 52 34 
Total per acre 3.74 7.03 3.88 3.49 6.30 3.72 
Total for 72 acres grown 
on farm in 1940 269. 506. 279.36 251. 454. 267.84 


Total number of times 
over field 11 8 


The heaviest load was developed by the tractor in 
tandem-disking plowed soil. The corn picker did not de- 
velop so high an average load on the tractor as would 
normally be expected ; the reason was that the rate of speed 
was low (an average of 2.45 mph for the three seasons). It 
is desirable, however, to have a larger amount of reserve 
power in operating a corn picker, because it must often be 
operated under adverse conditions. 

The total cost of combining some of the machine oper- 
ations used in growing corn and soybeans compared to per- 
forming each operation separately is shown for corn in 
Table 3 and for soybeans in Table 4. The saving of labor 
and fuel was relatively small for corn, resulting only in the 
tandem disking and harrowing operations. For all oper- 
ations, the savings were 6.7 per cent in labor, 10.4 per 
cent in fuel, and 4.1 per cent in total cost. 


TABLE 4. EFFECT OF COMBINING OPERATIONS ON THE TIME, 
FUEL, AND COST REQUIRED FOR A TYPICAL SERIES OF 
OPERATIONS USED IN SOYBEAN GROWING 


All operations All possible 


separate operations combined 
Labor, Fuel, Cost, Labor, Fuel, Cost, 
hr gal dollars hr gal dollars 
per per per per per per 
Operations acre acre acre acre acre acre 
Disking stalks -26 -48 -23 -26 -48 +23 
Plowing (and) -91 1.94 -91 
harrowing .14 -24 -12 1.02 2.09 1.03 
Disking (and) .30 -78 .30 
harrowing -14 -24 -12 -33 -70 -34 
Disking (and) .30 -78 -30 
drilling -32 51 .37 .39 -73 -50 
Harrowing .14 -20 ah -14 .20 me | 
Harrowing -14 -20 ll -14 -20 ll 
Total per acre 2.65 5.37 2.57 2.28 4.40 2.32 
Total for 81 acres grown 
on farm in 1940 215. 435. 208.17 185. 356. 187.92 
Total number times 
over field 9 6 


A larger saving resulted in the soybean-growing oper- 
ations; there was a reduction not only on disking and 
harrowing costs, but also in disking and drilling costs. 
Combining operations resulted in a saving of 14 per cent 
in labor, 18.1 per cent in fuel, and 9.7 per cent in total cost. 


Another advantage that may result from combining 


AGRICULTURAL ENGINEERING 


operations is that they can be done during the rush spring 
season when it is important to save time. Combining the 
operations performed by machines often produces an im. 
proved seedbed. 

On farms which require two tractors, the amount of 
fuel that can be saved by using a smaller tractor on light 
load operations should be considered in selecting the sizes 
of tractors to be used. The fuel consumption and fuel 
economy for a given light load for three sizes of tractors 
of the same make are shown in Fig. 4. The difference in 
the amount of fuel used remained about constant for the 
range of loads that could be operated by each of the sizes 
of tractors being compared. The saving in fuel to be ex. 
pected by using a smaller tractor of the same make and age, 
as the one for which the records are given, would average 
0.4 gal per hr. The data in Table 1 indicate that approxi- 
mately 390 hr were required for operations requiring less 
than one-half load and could have been operated by the 
smaller tractor. During this many hours the smaller tractor 
would have burned 156 gal less fuel, or a saving of 13.6 
per cent of the year’s fuel consumption. 

In many cases, on farms where more than one tractor 
is used, tractors of the same make and size are purchased in 
order that the machines may be interchanged. This practice 
is sometimes more advantageous than purchasing a small 
tractor in order to save fuel on light load operations. 


SUMMARY 


1 Operating a tractor at full load should be a major 
objective, because it will result in more economical use of 
labor, power, and fuel. 


2 The farm tractor is operated at less than one-half 
load during a large part of the season. 


3 A small additional amount of fuel is practically the 


only additional cost involved in operating a tractor at full 
load. 


4 On most farms combining machines is the most 
effective way to increase the load on the tractor. 


5 The operating and physical characteristics of some 
machines make it difficult to use them most effectively in 
combination. 


6 The different operating conditions required for 
various machines make it difficult to operate all of them so 


that the tractor will develop a full load the greater part of 
the time. 


7 The number of light load operations that can be 
performed more economically by a small tractor than by a 


larger one should be considered in selecting tractors to be 
used on a farm. 


8 Further solution to loading problems will result 
from improving the design of tractors to increase fuel 
economy at part loads, and from changing the design of 
some machines to permit their use at higher speeds or in 
combination with other machines to provide a greater load 
for the tractor. 


“The Place of the Engineer” 


The place of the engineer in the future is largely con- 
ditional upon the breadth of his outlook, his interests and 
his activities. For one who buttresses his technical com- 
petency with a wholesome regard for the interests of his 
fellows and with constructive labors on their behalf, it 1s 
secure. That security is not augmented by a straining aftet 
status. More than anything else, it rests upon the individual 
stature of the engineer himself —C. R. YOuNG, president, 
Engineering Institute of Canada. 
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By C. K. Otis 


N September 11, 1942, a wind storm swept through 
Minnesota that was one of the most severe ever 


experienced in that state from the standpoint of 
total damage. The purpose of this paper is to report on 
this storm and to describe the points of weakness that ap- 
peared in some of the barns damaged. 


The storm was described by the U. S. Weather Bureau 
as the line squall type with no convincing evidence that 
there were tornadoes. Fig. 1 shows the path of the storm. 
It started on the South Dakota border at 3:30 p. m. and 
was last reported at North Branch near the Wisconsin 
border at 7:00 p. m. The path was 180 miles long and 
approximately 30 miles wide. The highest velocity recorded 
was 70 miles an hour at Monticello; the highest intensity 
was maintained for about one-half hour, according to ob- 
servers, and appeared to be quite gusty although straight. 
The direction of the wind that caused most of the damage 
seemed to be west and northwest, although a few buildings 
were badly damaged by a southwest wind that struck 
shortly before the one from the northwest. A straight line 
drawn from Granite Falls, Minnesota, to Spooner, Wiscon- 
sin, seems to pass through most of the areas reporting severe 
damage. 

In this storm it was estimated that 651 barns, 2 houses, 
and 1208 outbuildings were demolished; 618 barns, 1769 
houses, and 1615 outbuildings were damaged; 375 head of 
cattle, 75 horses, several hundred sheep and hogs, and thou- 
sands of poultry were killed. Five persons were killed and 
37 more were injured. Total damage to real property was 
estimated at $2,000,000 and to growing crops and hay 
$350,000. 

To help in interpreting the pictures, Fig. 2 shows the 
pressures exerted on barns of different shapes due to wind 
passing over them from the left side. These diagrams were 
taken from Kansas Engineering Experiment Station Bulle- 
tin 42* and represent the results of wind tunnel tests on 
models. The length of the lines extending from the sur- 

Paper presented December 8, 1942, at the fall meeting of the Ameri- 
can Society of Agricultural Engineers at Chicago, Ill. A contribution of 
the Farm Structures Division. Paper No. 2060 Scientific Journal Series, 
Minnesota Agricultural Experiment Station. Author: Agricultural en- 
gineer, University of Minnesota. 

*The Design of Barns to Withstand Wind Loads by F. C. Fenton and 


Cc. K. Otis; Kansas State College Engineering Experiment Station. 
Bulletin No. 42, 1941. 


MINNESOTA WINDSTORM 
SEPTEMBER 11,1942 


Gwhae Pant 

Fig. 1 (Left) The storm progressed in a northeasterly direction while 

ps — causing most of the damage, came from the west and north- 
st e@ Fig. 

intensity of the forces acting on barns of different shapes with the wind 

Passing over them from the left side 


2 (Right) Diagram showing the direction and relative 
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faces represents the intensity and the arrowheads the direc- 
tion of the forces acting on the various parts of the barn. 
Thus it can be seen that impact forces act on the windward 
wall and lower roof, while suction forces act on the upper 
roof on the windward side and on all surfaces of the lee- 
ward side. The resultant of all these forces is in an upward 
and away from the wind direction, so that there is a lifting 
effect of considerable magnitude during winds of high 
velocity. This uplifting effect is greatly increased when 
doors and other openings are left open on the windward 
side. Keeping these diagrams in mind, while looking at 
the damaged barns shown in some of the pictures, will help 
in visualizing the causes of failure. 


Inspection of the storm damage indicated one or more 
of the following weaknesses in the construction of most 
of the barns affected: 

1 Inadequate foundations 

2 Concrete block or hollow tile walls to mow floor 

joists without lateral support 

3 Insufficient anchorage of sidewalls 

4 Wall plate below floor joists 

5 Lack of diagonal wall bracing at corners of side- 

walls 

6 Inadequate joint between roof and sidewalls 

7 Lack of effective sidewall braces, from studs to 

joists, above mow floor 
8 Inadequate joint between upper and lower raft- 
ers in the gambrel type roof 

9 Inadequate joint between the upper rafters at 
the ae 

10 Insufficient end bracing. 


In addition to these weaknesses in construction, some 
of the joints in the frames showed evidence of decay prob- 
ably due to inadequate or no stable ventilation. 


Fig. 3 shows a footing that has been undermined by 
erosion and a large crack that has developed as a result of 
the undermining and lack of reinforcing at the corners. 
Such cracks in the foundation cause unusual stresses in the 
framing above and are bound to weaken the structure. 
Notice also the studs pulled from the sill that still retains 
its hold on the foundation. Sidewall anchors that include 


the studs as well as the sill are necessary to avoid this 
weakness. 


Fig. 4 shows a barn that was built on top of an 8-ft 
concrete block wall and anchored by means of rods extend- 
ing three courses into the top of the wall. The barn above 
the mow floor suffered very little damage when the walls 
collapsed and dropped it to the stable floor killing 23 milk 
cows. Lateral support by partitions inside the stable or but- 
tresses integral with the wall would strengthen this type 
of masonry construction. 


Fig. 5 shows a hog house less than one year old that 
was held to its foundation with steel bars imbedded in the 
concrete and passing through holes in the sill. No nuts or 
other means of holding the building down were used. In 
addition to this weakness a wall plate was used under the 
joists that made it difficult to tie the sidewalls to the roof 
framing. The wind evidently picked the building up off 
the anchor rods and then pushed it sideways until the walls 
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Fig. 3 The footing of this foundation wall has been undermined by 
erosion e@ Fig. 4 This barn was built on top of an 8-ft concrete block 
wall, without lateral support e Fig. 5 The foundation anchors were 
inadequate for this hog house e Fig. 6 A wall plate on side and end 


collapsed, thus letting the roof structure drop to the ground 
apparently undamaged. 

Fig. 6 shows a sidewall construction using a plate below 
the mow floor joists in a 15-month old barn. The gothic raf- 
ters were fastened to the side of the joists. To the left, in the 
picture, is part of the windward wall still standing. A plate 
was also used on the ends (to the right in Fig. 6) thus 
cutting the studs and further reducing the ties between the 
sidewalls below the mow floor and the framing above. 

The leeward sidewall was pushed over and the joists 
were lifted by the roof from the windward wall taking 
half of the double plate with them. This barn did have a 
good example of a corner sidewall brace let into the studs 
under the sheathing and it can be seen in the picture. Light 
can be seen between the sill and foundation at the corner. 
The nut of the anchor bolt was forced through the sill due 
to the uplifting effect of the wind. The use of 2-in square 
plate washers under the nuts of all anchor bolts should be 
encouraged, especially where lumber of the less dense species 
is used. Toenailed joints gave way at the plate in the end 
wall. Continuous studs could be used on the end to avoid 
the weakness at this point. 


One gable roof barn was inspected that had long studs 
below the mow floor. These studs were notched for a rib- 
bon that helped support the mow floor joists. The barn 
frame above the stable was undamaged by the wind, but a 
decided list to the barn could be seen below the floor line. 
Inspection revealed that all the studs on both sides of the 
barn were broken at the point where they had been notched 
for the ribbon. 

Fig. 7 shows a pathetic sight. This barn is five years old 
and was built of good lumber, but it is a wonderful ex- 
ample of the lack of corner braces in the walls. A look 
inside revealed that the interior of the stable was essentially 
devoid of bracing. Without diagonal corner braces in the 
walls there was little to keep the barn from leaning away 
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walls under mow floor joists makes it difficult to tie sidewalls below to 
the superstructure above e Fig. 7 Lack of diagonal corner braces in 
sidewalls of this new barn helped to create this spectacle e Fig. 8 In- 
adequate ties between the roof and sidewalls cause many failures like this 


from the wind. In this particular barn additional bracing 
within the stable could have been provided by placing a 
heavy diagonal in the partition of a horse stall. This brace 
would not have interfered with head room or barn work. 
Fig. 8 shows the result of a failure in which the plate, to 
which the rafters were fastened, pulled off the top of the 
studs. The nails that held the plate to the top of the studs 
can be seen. This whole section of the roof also pulled 
away at the ridge and was laid down on the ground only 
slightly damaged. This weakness, inherent in most barns, 
can be overcome by the addition of ties between the rafters 
and studs or by overlapping the rafters with the studs. 


Fig. 9 shows a picture of an L-shaped barn 100 ft long 
each way that was, to the casual observer, a well-built barn, 
but it was hit hard by a wind from the other side almost 
parallel to the part of the barn still standing. Fig. 10 shows 
the type of framing used in this barn, except that a diagonal 
brace with weak joints was provided from the base of the 
rafters to the floor joists at intervals of about 10 ft along 
the length of the structure, and brick walls extended to the 
mow floor. This diagram also shows the results of a test on 
a half scale model of this type of frame subjected to loads 
approximating those caused by the wind passing over the 
structure. Notice the large horizontal deflections that help 
to open up joints, especially nailed joints. The points of 
failure are indicated on the diagram. In the tests on the 
model the rafters pulled apart at the jo‘nt between the up- 
per and lower roofs on the leeward side, the plate pulled off 
the studs on the leeward side, the lower rafters cracked on 
the leeward side at intersection of the braces, and the lower 
rafters broke on the windward side at the satné point." All 
the damage occurred in the framing above the mow floor. 

Fig. 11 shows a picture taken from the top of the hay 
in the part of the barn still standing, looking down on the 
mow floor of the portion demolished. The dark area run- 
ning full length of the floor just to the left of the center 
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is the lower half of the windward lower roof. The portion 
just visible as white with contrasting trim is the part of the 
windward sidewall that extended above the mow floor. The 
members sticking up through the roof are the diagonal 
braces that were fastened to the base of the rafters and to 
the floor joists at 10-ft intervals. Examination of these 
braces revealed that one 20d nail was used to hold one of 
them to the rafter, that there were two nails in another, and 
that an occasional joint had as many as six nails. The 
joints failed and the braces punched through the roof as 
it went over and every rafter was broken at the intersection 
of the rafter braces as illustrated graphically in Fig. 10. 


Fig. 12 shows the results of another test on a half scale 
model that demonstrates the effect of a strong diagonal 
brace supporting the studs above the mow floor. Some 
stronger joints, at the break in the roof and at the plate, 
were used in addition to the sidewall braces, but otherwise 
the frame was the same as that previously described. De- 
flections in this case are much less for the same loads. 
No failures occurred in the framing above the mow floor, 
but the studs broke at the ribbon notch just under the joists. 

Fig. 13 shows an example of a barn that had weak 
joints between the upper and lower rafters at the break in 
the roof, between the upper rafters at the ridge, and be- 
tween the lower rafters and the sidewall at the plate. The 
plank truss and purlin construction used in this barn is 
especially weak at the joint between the upper and lower 
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Fig. 9 To the casual observer this was a well-built barn e Fig. 10 A 
diagram showing essentially the type of framing used in the barn 
shown in Fig. 9 and the results of a test, performed on this type of 
framing in which wind loads were simulated e Fig. 11 Looking down 
on the mow floor of the part of the barn, shown in Fig. 9, that was de- 
Molished. The diagonal wall braces can be seen sticking through the 
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rafters where toenailing is used to hold lower end of upper 
rafter and upper end of lower rafter to the purlin. Whole 
roof sections were frequently found on the ground, very 
little damaged, where this type of construction was used. 

The ridge of most barns is a point of weakness. A 
ridge board is often used and the ae rafters are secured 
to it by toenailed joints that usually fail without even dam- 
aging the wood of either the ridge board or the rafters. 
Fig. 14 shows a typical ridge failure on the leeward side 
of a gothic roof barn where the entire leeward roof was 
sucked off by the wind. V-type track hangers are not 
enough to hold this joint. Inspection of one gambrel type 
roof revealed that every track hanger was broken at the 
ridge. If a ridge board is used, collar beams should be used 
to tie the upper rafters together; if no ridge board is used, 
a triangular board glued and nailed to each pair of rafters 
can be used to hold this joint. 

Ineffective or no end bracing was one of the weaknesses 
found. Fig. 15 shows an end brace that was anchored by 
means of spikes to the edge of a 2x4 block nailed to the 
mow floor. The spikes pulled out of the block and the 
brace did little good in holding the end of the barn from 
pushing out when the wind struck. End braces should be 
capable of taking both tension and compression and should 
be anchored securely to the main girders. 

One barn was inspected that had a galvanized sheet 
iron roof. A lot of the sheet iron was neatly peeled from 
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part of the roof now lying on the floor e Fig. 12 A diagram showing 
the results of a test to demonstrate the effectiveness of a strong 
diagonal sidewall brace e Fig. 13 The plank truss and purlin construc- 
tion is especially weak at the joint between the upper and lower roofs 
e@ Fig. 14 The ridge of most barns is a point of weakness e Fig. 15 
Ineffective or no end bracing was one of the weaknesses observed. 
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the roof deck and scattered over the fields pulling the nails 
out as it went. Many of the nails (which seemed to be the 
type recommended for such use) were found on the ground 
as straight as they were when driven. Part of the reason 
why the roofing did not stay on well was that it was laid 
on a slat deck of one-inch material. The space between 
boards allowed the full effect of the wind to act on the 
roofing. The one-inch material was not thick enough to 
take the full length of the nail, so that only a part of the 
nail’s possible withdrawal resistance was utilized. A better 
construction would be to provide headers of material with 
sufficient depth to take the full length of the nail and nail 
into them and also directly into the rafters. 

The following statements sum up the points at which 
better construction should be incorporated in barn frames. 
Fig. 16 shows a cross section of the framing of a gambrel 
roof barn that was designed for wind resistance. Numbers 
on the diagram refer to the statements that describe the 
points involved. 

1 Foundations should be provided that are placed in 
the ground deep enough to resist overturning and so that 
subsequent erosion will not undermine the footings. 

2  Sidewalls should be well anchored to the founda- 
tion. The anchors should be fastened to the studs as well 
as to the sill since toe-nailed joints usually employed to 
fasten studs to a well-anchored sill are weak and get weaker 
with age. 

3 Posts should be anchored to the piers and the gird- 
ers to the posts and some of the joists to the girders. 

4 Studs should extend above the mow floor and should 
be continuous from sill to plate, so that they will resist 
overturning of the sidewalls. 

5 The ribbon should not be notched into the studs. 

6 If it is at all possible to provide diagonal braces or 
partitions across the stable, they should be utilized to the 
fullest extent. 

7 A strong diagonal brace from the top of the studs 
to the floor joists should be used at intervals of 8 ft along 
the sidewall above the mow floor. The importance of this 
brace has already been emphasized. 

8 A tie should be provided between the studs and 
rafters across the plate, or better yet the stud and rafter 
could be overlapped. 

9 A good joint between the upper and lower rafters 
should be made to prevent their pulling apart. There are 
other satisfactory ways of doing this, but the design shown 
in Fig. 16 calls for overlapping the ends of the rafters. A 
good brace should be provided to give this joint rigidity. 

10 At the ridge, if a ridge board is desired, a collar 
beam should be used to tie the upper rafters together, and 
as a further precaution a sheet iron strap could be placed 
over the top under the roof boards and nailed to each pair 
of rafters. If no ridge board is used, a triangular piece of 
one-inch board can be made and nailed and glued to the face 
of each pair of rafters to furnish a good tie at this point. 

11 Diagonal braces on the ends of the barn above the 
mow floor should be well anchored to the girders. 

12 Diagonal corner braces in the sidewalls are also 
essential for wind-resistant construction. 

13 To protect good construction from premature de- 
cay, provisions should be made for adequate stable ventila- 
tion. 

Reviewing the storm statistics it is noticed that only 
two houses were demolished by the wind. Most of the 
houses damaged had only minor damage unless struck by 
falling trees or flying debris. This tends to indicate that 
building a structure to withstand strong winds is not im- 
possible. The easy way out is to say no structure could 
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stand a wind like that and then rebuild the structure in. 
corporating the old weaknesses. 

If one outstanding factor is to be named that would 
cover most of the failures observed, it would be joints, 
One Y/-in bolt is equivalent to five or six 20d nails, but 
very few barns have bolted joints in their frames. One split 
ring connector may replace five or six 1/)-in bolts or thirty 
20d nails. Such joints should be publicized widely for use 
in farm barns in strategic joints. 

The objection usually raised against such joints is the 
difficulty of making them. Many of the objections could be 
overcome by lumber dealers equipping themselves to drill 
holes and cut ring grooves to order, so that the framing 
members are ready to assemble when delivered on the job. 

The coming of water-resistant glues opens up other pos- 
sibilities for stronger joints. A little glue spread on the 
members before nailing or bolting tremendously increases 
the strength and rigidity of the joints. Plans of farm build- 
ings should not only specify adequate bracing, but should 
also specify the type, size, and number of fasteners in all 
important joints. 

Most farmers build only one barn in a lifetime. It is 
only natural, therefore, that they do not acquaint them. 
selves with the details of construction, but leave those to the 
local carpenter. Of 14 new barns that were inspected soon 
after the storm, only one was being built with the help 
of a plan. The others were being built by carpenters using 
methods with which they were familiar and with no plan 
on paper. Each used a slightly different method of fram- 
ing, and all of them incorporated in the structures one or 
more of the weaknesses already mentioned as contributing 
factors to failure in the damaged barns. 

It appears that more emphasis should be placed on 
training the country builders and the lumber dealers to 
recognize these weaknesses and to help in promoting better 
construction methods. This would get the information into 
the hands of those instrumental in the construction of more 
than one structure of the same type. 

Windstorm insurance companies can be influential in 
promoting wind-resistant construction. By instigating some 
sort of building inspection system and combining this with 
a selective risk rate scale, the common weaknesses would 
be brought to the attention of the owners. 

Many of the existing barns could be made more re. 
sistant to wind by the addition of a few braces and by 
increasing the strength of present joints. 


Fig. 16 A cross section of the framing of a gambrel roof barn 
showing some of the essentiais of wind-resistant construction 
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More Production from Improved 
Irrigation Practices 


By Howard Matson 


MEMBER A.S.A.E. 


GRICULTURAL production in this country myst be 
increased to meet our expanded needs and those of 
our allies during and following this war emergency. 

The need for poultry, dairy, and other livestock products 
is particularly acute, but there is also an increased demand 
for other staple foods, feeds, fats, and fibers. The shortages 
of man power, fertilizers, transportation facilities, and of 
new equipment, machinery, and parts make this production 
a difficult task, but as agricultural engineers we must do 
everything possible to enable agriculture to achieve its pro- 
duction goals. Much can be done to increase production 
by improvement of existing irrigation systems and the use 
of better irrigation practices. 

A knowledge of the climatic conditions which prevail 
during the crop growing season is essential to an under- 
standing of the importance of irrigation to western agri- 
culture. One-third of the United States—more than 740,- 
000,000 acres—lies west of the 100th meridian. On the 
average this vast area receives less than 20 in of rain a year, 
and more than 150,000,000 acres receive less than 10 in 
of moisture a year. According to the USDA Yearbook of 
Agriculture for 1941, “Climate and Man,” “The minimum 
amount of rainfall needed for ordinary farming, under 
favorable seasonal distribution, is usually considered to be 
about 15 in in a relatively cool climate where the mean 
summer temperature is about 65 deg, and 20 to 25 in in 
areas where the mean summer temperature is 75 to 80 deg.” 
West of the Continental Divide not more than 8 to 10 in 
of rain can be expected during the growing season from 
April 1 to September 30, except in high mountains, and 
between the Continental Divide and the 100th meridian 
only a few tillable areas can anticipate as much as 15 in 
during the season. 

The actual irrigated area—18,732,507 acres—is only 
7.2 per cent of the total area in farms in the 11 states 
which lie wholly west of the 100th meridian. However, 
it is estimated that the value of the crops produced on this 
irrigated areaamounts 
to at least $1,250,- 
000,000 annually 
(not including the 
value of poultry, 
dairy, and livestock 
products and special 
enterprises on irri- 
gated farms), which 
is probably greater 
than the total income 
from farms not irti- 
gated in these states. 


Paper presented De- 
cember 8, 1942, at the 
fall meeting of the Ameri- 
can Society of Agricul- 
tural Engineers at Chi- 
cago, Ill. Acontribution of 
the Soil and Water Con- 
servation Division. Author: 
Chief, regional engineer- 
ing division (SCS, Re- 
gion 4), U. S. Depart- 
ment of Agriculture. 
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Because of the greater importance of irrigation to 
western agriculture, and because of the impracticability of 
developing additional water supplies for irrigation during 
the war emergency, we must do everything that we can to 
secure increased production from existing irrigation enter- 
prises, large and small. The lands served by many of the 
irrigation enterprises are readily adaptable to specialized 
production of food, fiber, and vegetable oil products 
essential to the war effort, because crops grown under irri- 
gation are less subject to climatic hazards, the production 
rate per acre is high, and the needed increases of critical 
products can be produced in the shortest intervals of time. 
There are many ways in which irrigated crop yields can be 
brought more nearly in line with the production potenti- 
alities of the irrigated lands, the ways most common to all 
irrigation areas being through the adoption of irrigation 
practices and methods of water application which will 
secure the highest irrigation efficiencies. 

Where irrigated land is not yielding as well as it should, 
a careful study should be made of the irrigation system, 
the condition of the land, and of the irrigating methods 
used. If the land is irrigated by flooding between borders 
or from lateral ditches, in many cases it will be found that 
the land has not been thoroughly leveled, and that portions 
of each area are not being adequately irrigated. Often the 
fault may be due to the grade or length of the borders or 
rows, or the size of the irrigating head used. Decreased 
crop yields are often caused by failure of the operator to 
apply the right amount of water at the proper time in 
relation to the moisture remaining in the soil and the stage 
of development of the crop. If the delivery system and 
methods of application are satisfactory, the land may be 
found to lack certain plant food elements which may be 
supplied by fertilization, or by the use of a rotation which 
includes adapted legumes. Methods of plowing and culti- 
vating or of handling plant residues may need to be 
changed to improve the soil structure, or additional drain- 
age may be required. 

Even where ad- 
equate crops are be- 
ing produced, a thor- 
ough investigation 
should be made to 
find out whether ex- 
cessive seepage losses 
are occurring in can- 
als, laterals, and field 
ditches, or if water 
is being wasted be- 
cause of poor land 
preparation or inefh- 
cient methods of wa- 
ter application. In 
many irrigation sys- 
tems the existing 
structures are unsuit- 
ed for the accurate 
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measurement of rates of flow, especially for small flows, 
and studies of such systems have revealed that the farmer is 
receiving from 20 to 100 per cent more water than he is en- 
titled to or needs. (For example, in 1936 gross water 
diversions from the Rio Grande to the El Paso Valley 
amounted to 8.38 acre-feet for every irrigated acre, and 
even considering high transmission losses and water need- 
ed to leach out alkali, undoubtedly the farmers received 
and applied more water than was needed. Records for the 
five-year period of 1923 to 1927 in this valley indicated a 
consumptive use of 2.8 acre-feet per acre.) 

Ditch losses by seepage frequently amount to 20 to 40 
per cent of the water available. It is true that reinforced 
concrete linings may not be practicable in many cases on 
the basis of present water costs, but recent experiences 
with asphalt-aggregate mixes and with earth linings sta- 
bilized with asphalt or cement and compacted indicate that 
satisfactory linings may be placed at 15 to 40 per cent of 
the cost of 4-in pa Sh concrete. In some instances 
water thus saved could be used to furnish more adequate 
supplies to present irrigated lands, or to furnish water to 
irrigate additional lands. 

About 25 per cent of all irrigation water is wasted by 
seepage downward below the reach of plant roots. Most 
of this loss can be prevented by proper layout of field 
irrigation structures and by thorough leveling, provided 
good application practices are followed and the land is 
irrigated only when it needs it. Another 15 to 20 per cent 
of irrigation water commonly is lost by evaporation and 
through use of water by weeds. Weeds should be mowed 
or otherwise controlled, and evaporation may be reduced 
by cultivation to prevent cracking or the formation of a 
hard crust after irrigations. 

There are few authentic records available of more than 
one or two years duration to serve as a basis for evaluating 
the effect of improved irrigation practices on crop pro- 
duction. There are experiment station reports and pub- 
lications which show the effect upon crop yields of varying 
the length of rows and borders; of varying the number of 
applications, the amount of water used at each application, 
and the time of application with respect to the stage of 
development of the crop; and of crop rotations and ferti- 
lizer applications. Unfortunately such information is avail- 
able for relatively few crops, soils, and localities, and often 
does not include data for various slopes and sizes of irri- 
gating head. 

For a number of years Soil Conservation Service tech- 
nicians, in demonstration project and CCC camp areas and 
recently in soil conservation districts, have assisted irrigation 
farmers in planning and making improvements in water 
delivery and distribution systems, land preparation, methods 
of water application, and land management and cropping 
practices. During this time a good deal of information has 
been collected concerning the over-all effects of such im- 
provements, but because of the variety of crops irrigated 
and the differences in cropping practices, as well as in 
methods, time, rate, and other factors, of irrigating, it is 
almost impossible to classify or segregate the effect of 
specific irrigation practices. Since averages of results from 
a number of locations would thus be more or less meaning- 
less, I have selected typical examples of results obtained 
through improvement of irrigation systems and practices. 

On the Mrs. E. E. Moore farm, near Balmorhea, Texas, 
the rearrangement of borders increased the yield of cotton 
from 300 to 400 Ib per acre, and of alfalfa from 33/, to 5 
tons per acre. Henry Benham had never been able to get 
a stand of alfalfa in one of his fields near Balmorhea until 
the borders were rearranged in 1940. In 1941 the yield 
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was 5 tons per acre. A nearby farm formerly received 31/, 
sec-ft for 31 hr, and the owner always found it difficult to 
water the farm adequately in that time. Since the borders 
were shortened, leveled, and rearranged, the farm is 
watered in 14 hr, and crop production has been increased 
even though less than half as much water is being used. 

Field tests conducted in 1938 near Ellensburg, Wash- 
ington, showed that contour irrigation of potatoes was 
superior to down-the-slope irrigation in the following 
respects: 

1, Less frequent irtigations required, resulting in a 
labor saving 
Waste water reduced by 15 per cent 
Erosion reduced by 90 per cent 
Production increased 11/, to 2 toms per acre 
Quality increased by average of 9 per cent No. 1 
potatoes. 

As a further part of this study, it was found that re- 
ducing the length of run from 625 to 325 ft produced 
the following benefits: 

1 Increased the yield 11/4 to 134 toms per acre 

2 Increased quality from 39 per cent of No. 1 pota- 

toes to 49 per cent 

3 Reduced erosion by one-third 

4 Reduced waste water by 3 per cent. 

On a 40-acre field near Kittitas, Washington, the length 
of run was reduced from 1320 to 330 ft, corrugation 
spacing was reduced from 12 to 3 ft, and an interception 
drain was installed. The changes cost $300. Production 
on 10 acres of the field was increased from almost nothing 
to 3 tons of alfalfa per acre, and on the balance of the 
field by 1/, ton per acre. 

In southeast Idaho the system of irrigation on a 100- 
acre sugar beet field was revised. The length of run was 
reduced from 1200 to 400 ft. One less irrigator was re- 
quired as a result of the revision, and the yield was in- 
creased from a 12-ton field average to 17 tons. At a cost 
of $300 for land leveling on a 35-acre pasture which had 
been inadequately irrigated, the pasture was improved by 
100 animal-unit months of grazing. 

In 1935, Lee Veerkamp of Placerville, California, 
revised his irrigation system and planted permanent cover 
crops of perennial clovers and grasses in his fruit orchards. 
Since that time these orchards have not been cultivated; 
once or twice each year the cover is mowed. About 65 
lambs are fed on the cover crop from April 15 to August 
15. About 80 ewes are also fed on the cover from April 
15 to July 30 and again, after fruit harvesting, from Sep- 
tember 15 to December 15. Mr. Veerkamp says ‘This 
permanent cover crop and improved irrigation system have 
stopped summer irrigation erosion and permitted me to 
make more effective use of the irrigation water. hey 
have also improved the fertility of the soil and increased 
production in my orchards. In my Bartlett pears, average 
production for the last 6 years has been 60 per cent greater 
than for the 4 years preceding. In the Bosca, production 
has increased 97 per cent, and 60 per cent in the Winter 


Nelis. I am using no more water than I did before planting 
the cover crop.” 


These examples indicate the results which can be ob- 
tained by improvements in irrigation systems and metliods 
and in land management and cultural practices. I! all 
lands now irrigated could be carefully studied and the 
needed changes made, it is conservative to estimate that 
crop production could be increased by 25 per cent, and 
that enough water would be available from present 
sources to irrigate one-third more (Continued on page 122) 
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Over-all Performance of Series Combinations of Machines 
as Affected by the Reliability of Individual Units 


By E. G. McKibben and P. L. Dressel 


FeELLow A. S. A. E. 


S FIELD operations, particularly those of harvesting, If the expected effective operating time, x, is different 
become more completely mechanized and the num- for each machine, equation 1 takes the more general form: 
ber of machine units involved is increased, the re- (x, X. Xs; —x 
liability of the individual machines becomes increasingly y = 100 Be ed 2 (2) 
important. " 
‘ 100 
Farm operators have frequently been greatly disap- 
pointed with the over-all performance of complete- 


ly mechanized harvesting programs such as ensiling chines used in a series combination, each having a relia- 
corn with a field harvester, mechanized transportation, and bility of 90 per cent, the probable performance for the 
a blower. Usually the best day’s accomplishment is quite series would be: 


good and approaches the expectations on which the har- ‘ 

90 

vesting plan was based, but the results for the season are y= al = 59.0 
far from satisfactory. 1 


Such results are explained at least in part by the fact If the reliability of the five machines was 90, 70, 80, 


that the degree of reliability which seemed rather satis- 85, and 95 per cent, respectively, the probable performance 
factory for a machine used alone becomes impractical when of the series would be: 


a number of machines are used together in a series com- 


Thus for the case already mentioned, of five ma- 


(3) 


—— ade (90) (70) (80) (85) (95) 
bination where the operation of all units is stopped when y = 100 — 40.7 (4) 
one unit stops. (100)° 
For example, field machines which have expected effec- 
tive operating times of only 90 to 95 per cent are not at all acs: Aaa: acd, SAAS ARNE, A | 1 oat tm 


uncommon, especially for those machines which are used | | | | | 
under severe and extremely varied operating conditions or 
which are used too few days a year to justify the highest 
quality construction. Where such machines are used alone, 
such a loss of 5 to 10 per cent of effective operating time 
may, in many cases, not meet with serious objections. If, 
however, five such units each with a reliability of 90 per 
cent are used in a series combination, the over-all perform- 
ance to be expected is only 59 per cent, a serious loss of 41 
per cent from the uninterrupted capacity. 

This situation may be explained mathematically by the 


following equations based on well-established laws of 
probability: 


y = (x/100)" (1) 
where y = the expected effective operating time in per cent 
for a series combination of machines if the operation of the 
series depends on the operation of each machine; x = the 
expected effective operating time in per cent for each of the 


individual machines of the series, and 7 = the number of 
machines in the series. 


Y<EFFECTIVE OPERATING TIME FOR A SERIES 
COMBINATION OF MACHINES-PERCENT 


3 40 60 70 80 90 100 
Paper presented December 8, 1942, at the fall meeting of the American a ae an saat 4 TIME FOR 
fociety of Agricultural Engineers at Chicago, Ill. A contribution of ; CHINE — PERCENT 
€ Power and Machinery Division. Authors: Professor of agricul- . a F sil eian . : 
tural engineering and assistant professor of mathematics, respectively, Fi8- 1_ Effect of variations in the reliability of individual machines on 
Michigan State College. the performance of series combinations of different numbers of machines 
TABLE 1. y* = Effective operating time in per cent for a series combination of machine3 The relationships expressed by equation 1 
where the operation of the series depends on the operation of each machine. are shown in Table 1 and Fig. 1. These data 
#*=Effective operat- SS A RCE ORI emphasize the importance of the reliability 
ing time in per cent of individual units when two or more are 
for each machine 1 2 3 4 5 6 7 8 9 10 . : ° . ©. ge 
when operated alone : eke aR, : ; used in a series combination and indicate the 
50 50.0 25.0 125 63 31 16 O08 04 O2 £01 : ; : Se 
55 55.0 302 166 92 50 28 15 O08 05 £03 need for improved design and better man 
60 60.0 36.0 216 130 78 4.7 28 417 «+10 06 agement under such conditions. In fact, de- 
65 65.0 42.2 27.5 17.8 116 7.5 49 32 21 £4143 : 
70 70.0 49.0 343 240 168 118 82 58 40 2g SIgns —Y mae ma programs formerly 
75 75.0 56.2 42.2 31.6 23.7 17.8 13.3 10.0 7.5 5.7 i 
80 80.0 64.0 51.2 41.0 32.8 26.2 21.0 16.8 13.4 10.7 accepte ane 20 anger satisfactory. 
85 85.0 72.0 ,61.4 522 44.4 37.7 321 27.2 23.2 19.7 It should be noted, however, that the 
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pected effective operating times. If an un- 
biased coin is tossed repeatedly, it is expected 


*y = 100 (#/100) » 
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that in the long run 50 per cent of the throws will be heads 
and 50 per cent will be tails, but for a short series of throws 
the proportion of heads may vary greatly from the ex- 
pected 50 per cent. In the same manner, a machine or a 
series combination of machines may for brief periods yield 
an effective operating time much above or below the 
corresponding entry in Table 1. Unless each machine is 
kept in a state of repair equivalent to that existing at the 
time the effective operating period was determined, deteri- 
oration will tend to make the proportion of operating time 
effective progressively less. 

Assuming the constancy of the effective operating time 
for each machine, some remarks on variation are possible. 

Except under conditions not usually found, both the 
effective operating time and its variability must be deter- 
mined by observation for each machine. The observations 
would appropriately be based upon a period of time for 
which the machine is commonly used. Thus, for ten periods 
of 4hr each, the effective operating time might be ob- 
served in minutes as 220, 240, 180, 210, 150, 200, 175, 230, 
240, 205, respectively. From this the proportion of effective 
operating time is found to be 85 per cent. Likewise the 
standard deviation (usual measure of variability) of the 
proportion is found to be 11.7 per cent for 4-hr operating 
periods. 

If the effective operating time and its variation are 
known for each of several machines, it is then possible to 
determine both the effective operating time and its variabil- 
ity for a series combination of these machines. The method 
of determining the first of these has already been discussed. 
The computation of the variability is considerably more 
complicated and will be discussed only through consider- 
ation of two examples. 

As the first example, consider three machines each 
having an effective operating period of 90 per cent and a 
standard deviation of 5 per cent for 10-hr periods. For a 
series combination of the three machines, the expected 
effective operating time would be 72.9 per cent with a 
standard deviation of 7 per cent for 10-hr periods. As- 
suming approximate normality, this means that out of 100 
10-hr periods, about 68 would yield effective operating 
time between 6.59 and 7.99 hr, while in practically no case 
would we get less than 5.19 hr or more than 9.39 hr. It 
should be noted that while the proportion of operating 
time effective is independent of the length of the period, 
the variability is based upon a predetermined period of 
time and must be interpreted in terms of that period. 

As a second example, consider the following hypo- 
thetical data based on 30-hr periods: 


Machine No. 1 Machine No. 2 Machine No. 3 


x1 = 90% x= 80% x3 = 95% 
o1 = 8% o, = 15% Oo: = 2% 
For the series combination of three machines, we find 
y = 68.4% o = 14.3% 


Therefore, in future operating periods of 30 hr, one. would 
expect to average about 30 x 0.684 = 20.52 hr with scarcely 
any period giving less than 7.65 effective operating hours 
and certainly none more than 30 hr. Of such 30-hr inter- 
vals 68 per cent would yield between 16.2 and 24.8 hr of 
effective operating time. 

In the first example above, each machine was assumed 
to have the same effective operating time and the same 
variability. Variability of the combination was greater than 
the variability of a single machine. This immediately raises 
a question regarding the relationship between the variabil- 
ity and the number of machines in the series combination. 
Table 2 indicates the nature of the results for x = 90%. 
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TABLE 2. RATIO OF VARIATION FOR SERIES COMBINATION 17 
VARIATION FOR ONE MACHINE WHERE THE EXPECTED 
EFFECTIVE TIME FOR ONE MACHINE 

IS 90 PER CENT 


Ratio of variation for 
series combination to variation 


Number of machines in series for one machine 


It will be noted that the variation of the series combination 
increases for a time with increasing number of machines, 
reaches a maximum, and then decreases. For lower values 
of x, the maximum is reached earlier and the subsequent 
decrease tends to be more rapid. This ultimate decrease 
in variability is probably of little practical significance 
because of the operating efficiency of most machines is high 
and the number combined into a series is small. In mos 
cases, we may expect the variability of a combination to be 
greater than variability of a single machine. 

The preceding statements hold only for machines which 
individually have the same effective operating time and the 
same variation, but with slight modifications these remarks 
can be extended to the more general situation. 

What are some of the management factors which may 
be used to help offset the increased loss of operating time 
which tends to accompany the operation of mechanical 
units in series combinations? First, each unit must be 
kept in good repair by systematic overhauling, inspection, 
and servicing. Badly worn or suspiciously weak parts 
should be replaced before they cause trouble. Spare parts 
should be kept on hand for those parts which break fre. 
quently. Under normal conditions troublesome items such 
as old, badly patched inner tubes should not be tolerated. 

All machines should be so equipped that they will all 
run an equal length of time between servicing. Arrange: 
ments should be made for all machines to be serviced and 
adjusted at the same time in so far as this is possible. 

So far as practicable the capacities of the various units 
should usually be matched so as to avoid the temptation to 
overload or overspeed the low capacity units. These prac- 
tices which almost invariably result in breakage for the 


overstressed unit and of course delay for the entire out- J 
fit. On the other hand, where certain units, such a § 


trailers, are very much lower in cost than the other m: 
chines in the series, they may well be selected so as to have 
somewhat greater capacities. Under some conditions it 
may even be economical to have an extra trailer available. 

Also, for the conditions being considered, the mos 
effective type of labor available is usually well worth the 
increased wages required. 

Probably the most important management factors of all 
are constant vigilance to learn the various causes of delay 
for each machine and constant planning to eliminate these 
losses. 


Improved Irrigation Practices 
(Continued from page 120) 

land if available, and furnish more adequate supplies to & 
isting irrigated lands. All engineers who are working with | 
irrigation farmers, whether as representatives of a federal 
agency, as state extension specialists, or as employees of 
mutual or private irrigation districts or projects, can render 
a real service to agriculture at this critical time by whole: 
heartedly encouraging and assisting in the study and im- 
provement of irrigation systems and practices. 


APR 


the p 
sever 

D 
The : 
from 
range 
illust: 

A 
mach 
it is | 

N 


Art 


contrit 
Smith 
Autho! 
South 


Servic 


Son 9) 5 ae ena ere em ? Bee a) ee ee i OF cea alse tiie ik Nea Bee ee 
OS a oe PbS. abe Sa as as Ch ae ee ee 
: ee ae a rer eee : pestis in bae ean fee Te ia 
eee eS eee ee ee ae ee se): Re ee coiled. ee 
ear at a ME Re 
ane ] 
* 3 1 i. 
ee. 2 1.27 
3 1.40 
4 1.46 
: 5 1.47 
y 6 1.45 
k 10 1.23 
20 .60 two-r¢ 
<a drawt 
— moun 
- ane shank 
Rees moun 
oo aa a sha 
eek was t! 
Messe had | 
tak cultiv 
Pa the h: 
shank 
Si as to 
Ri i_-a 
| a 
eis 7 
pris Babe 
hee me. 
ee : <A 
ec. A, 
Spl. Sen 
g ey em 
+ med > Fay 
Cones . * 
eee a 
: re, Br 3! 2 
Spine O59 Bt 
eloaee i 
Se SS 
; 
+ 
aes a. 
5 Re ss 
a Bai Fig. 1 
ite } surfac 
ae for sh 
e 
<i SS 
a Oe 
pee a ; 
Sent. 
ae Bs Oe i 
a ee ee | ee ee ieee SSE. pum: it eee: 
ee ye aha eee a cS WEE gg e's ay ak ae ; Age es ie am es cs OR 


for 
yaTiation 
e 


ination 
chines, 
values 
sequent 
lecrease 
ificance 
is high 
1 most 
n to be 


s which 
and the 
remarks 


ich may 
ng time 
chanical 
nust be 
pection, 
k parts 
re parts 
eak fre- 
ms such 
slerated, 
will all 
Arrange- 
iced and 
le. 
US units 
tation to 
ese prac: 
for the 
tire out- 
such as 
ther ms: 
; to have 
itions it 
vailable. 
he most 
rorth the 


yrs of all 
of delay 
ate these 


ies to ex 
cing with 
a federal 
loyees of 
an render 
vy whole- 

and im- 


APRIL 1943—VOL. 24, No. 4 


123 


A Subsurface Row-Crop Cultivator 


By L. F. Larsen and E. C. Joy 


ASSOCIATE MEMBER A.S.A.E. 


WO subsurface row-crop cultivators have been built at 

the South Dakota Agricultural Experiment Station for 

use where plant residue remains on the surface, one a 
two-row, horse-drawn cultivator rebuilt for use as a tractor- 
drawn subsurface row-crop cultivator and the other a tractor- 
mounted machine. 

When rebuilding the horse-drawn cultivator all original 
shanks and shovels were removed. A heavy crossbeam 
mounted on top of the two center gangs was used to hold 
a shank which was welded to a 30-in sweep. This shank 
was then welded at right angles to an old plow beam which 
had been straightened. The beam was then hitched to the 
cultivator drawbar, relieving the cultivator framework of 
the heavy draft of the large 30-in sweep. 

Two 16-in sweeps were mounted on two homemade 
shanks and each bolted to an outside gang in such a manner 
as to provide ample adjustment (Fig 1). 

A special linkage arrangement was constructed to keep 
the proper spacing between the gangs to relieve them of 
severe twisting due to the use of large sweeps. 

Disk hillers were used for close-to-the-row cultivation. 
The sweeps were set so they would normally operate 6 in 
from each side of the row, and the disk hillers were ar- 
ranged to take care of the remaining uncultivated space as 
illustrated by Fig. 2. 

After several field trials at the experiment station this 
machine was moved to Chamberlain, South Dakota, where 
it is being used by cooperating farmers. 

Nearly all tractor-mounted cultivators have the shovel 


Article prepared especially for AGRICULTURAL ENGINEERING. A 
contribution of the A.S.A.E. Committee on Weed Control—cC. W. 
Smith (chairman), L. F. Larsen, E. A. Hardy, and H. P. Smith. 
Authors: Respectively, assistant professor of agricultural engineering, 
South Dakota State College and assistant agronomist, Soil Conservation 
Service, U. S. Department of Agriculture. 
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Fig. 1 This view shows the shovel and linkage construction of the sub- 
Surface cultivator e Fig. 2 First trial of cultivator with disk hillers set 
for shallow operation e Fig. 3 Close-up view showing crop residue on 


gangs mounted ahead of the rear drivewheels, with addi- 
tional shovels or spring teeth mounted in the rear to loosen 
up the soil which was packed by the tractor drivewheels. 
When three subsurface sweeps are used, for a two-row culti- 
vator an arrangement, such as mentioned above, would re- 
quire two extra sweeps to follow the tractor drivewheels. 
This would nearly double the number of sweeps needed, 
and increase the draft of the cultivator. It is also a decided 
advantage not to have the tractor drivewheels operate on 
loose soil. For these reasons it was decided to mount the 
three sweeps on a tool bar at the rear of the tractor. The 
disk hillers were mounted between the front and rear 
wheels to serve as a guide for tractor driving. 

The tool bar, with sweeps attached, is fastened to the 
end of a parallelogram-shaped frame, as illustrated in Fig. 4. 
The other end of the frame is attached rigidly to the tractor. 
With this arrangement the sweeps are always in a horizontal 
position regardless of the depth of penetration. This is an 
important feature since the depth of cultivation is often 
varied. 

It was impossible to obtain a conventional tool bar, so 
a 21/,-in extra heavy pipe was used. Some difficulty was 
experienced with this light tool bar when heavy soil condi- 
tions were encountered. A square tool bar would have 
eliminated this difficulty and simplified the attachment of 
the sweep shanks. 

Some modifications were tried by putting a railroad rail 
on as a stiffener so the machine could be used as a field 
tiller. Gauge wheels were also tried, for better depth con- 
trol, as shown in Fig. 5. 

Disk hillers were installed on the front part of the 
tractor in such a way that they could be adjusted for close 
or wide operation. These hillers were staggered to provide 
better weed control with less ridging. 
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the surface of the ground e Fig. 4 The sweeps in lowered position e 


Fig 5 This shows the gauge-wheel mounting e Fig. 6 Showing disk 
hiller mounting. 
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HE climatic requirements for the early maturing vari- 
: en of castor bean are roughly between corn and cot- 
ton. It appears possible that they could be raised about 200 
miles further north than the northern border of the cotton 
belt. The seedbed preparation should be similar to corn or 
cotton. Planting can best be done by means of a corn 
planter, preferably checkrowed one plant to a hill. Every 
third row should be skipped to give the plants sufficient 
room and to facilitate harvesting. Planting should be done 
during the latter part of the corn or cotton planting season. 
Cultivating may be done with regular row-crop equipment. 
The castor bean is essentially a perennial, and seed produc- 
tion where the climate permits is more or less continuous. 

Seed clusters at all stages of development occur on the 
same plant and on most varieties the mature clusters dehisce. 
On such varieties it is necessary to gather the maturing 
clusters before they shatter. This leads to a prohibitive 
amount of labor. Shatter-resistant varieties exist. Gather- 
ing of the seed is still a hand operation. Obviously only 
those varieties that are shatter resistant and have few but 
large seed clusters can be considered. Following the gather- 
ing of the seed clusters, the threshing and cleaning oper- 
ation must be solved. It is highly desirable to adopt exist- 
ing machines to a new operation and still retain the original 
purpose of the machine. In threshing castor beans it is 
necessary to remove the seed capsules from a woody stem, 
split the capsules into its three parts, and remove the husk 
from the seed. There are some interesting developments 
to accomplish this end. 

The first two of the above operations are done well by 
feeding the clusters through a standard threshing machine 
cylinder with a speed reduced and concave teeth removed if 
a spiketooth type of machine. The seeds with the husks 
are taken from the rear end of the grain pan and passed 
through between two rubber-covered cylinders running at 
different speeds. This subjects the seed to a rubbing action 
which removes the husk. The seed and loose husks are then 
run over the shoe and the husks separated from the seed. 
The details on how to best carry out the above operation is 
a subject for intensive agricultural engineering research. 
However, no new crop is justified unless it can be marketed 
at a profit. A crop of castor beans gives us two things — 
stalks and seeds. The stalks yield a good grade of cellulose 
that can be used in the better grades of paper and for 
chemical purposes such as cellophane, rayon, and gun pow- 
der. After determining the best method of harvesting the 
stalks and delivering them to the processing plant, there 
remains the difficult job of selling the cellulose industry on 
that raw material. 

Experimental runs in paper mills have shown that only 
those mills designed to use wood as a raw material can be 
readily converted over to the use of castor beans. Mills de- 
signed to operate on cereal straws require considerable in- 
vestment before castor bean stalks can be successfully pro- 
cessed in them. In view of the above facts the utilization 
of castor bean stalks by the cellulose industry will probably 
be a slow development. 


The income from this crop, especially in the initial 


Paper presented December 9, 1942, at the fall meeting of the Ameri- 
ean Society of Agricultural Engineers at Chicago, Ill. Author: Head of 
research department, Doane Agricultural Service. 


Production and Processing of Castor Beans 
By Harry Miller 


MEMBER A.S.A.E. 


AGRICULTURAL ENGINEERING 


stages of its production will have to be from the seed, 
Castor beans contain about 50 per cent oil. Plants for ex. 
pelling the oil from the seed are in existence. The residue 
after the oil is expelled is poisonous and not suitable as a 
cattle feed. It does, however, make an excellent fertilizer, 
especially where ground insects are troublesom, since it 
serves the dual purpose of a fertilizer and destruction of 
some insects. Whether the oil should be expelled on or 
near the farm where the beans are produced is a subject 
for future research. 

The chemical structure of castor oil differs from other 
domestic vegetable oils in that its fatty acids contain a 
hydroxyl group. This gives castor oil a chemical versatility 
over all other oils. A product made from castor oil has 
found its way in the paint and varnish industry. There are 
now on the market rubber-like materials made from oils 
other than castor, but if castor oil were available there are 
sound chemical reasons for saying it would serve the pur. 
pose much better. The initial development work on this 
material was done by the USDA Northern Research Lab- 
oratory at Peoria, Illinois, and it is called ‘‘norepol’” by that 
laboratory. There are many applications where this ma- 
terial can successfully displace rubber, and it offers a very 
large potential use for castor oil. 

Incidentally, domestic rubber or rubber-like materials 
should not be looked upon as temporary expedients for the 
duration of the war. The rubber-producing installations in 
the area now controlled by Japan cannot be replaced in less 
than ten years after we regain control of them. In the 
meantime we must have rubber or substitutes for it. More- 
over, in the past the native rubber plantation workers have 
received 15 cents per day for their labor. The reorganiza- 
tion of those areas certainly will require much better wages 
for the natives which in turn will require higher prices for 
rubber. It is highly probable that we will find it more 
economical as well as more secure to produce our own 
rubber from domestic raw materials. 

It is very easy to paint an attractive picture for the com- 
mercial possibilities of castor beans and other so-called 
chemurgic crops. We must realize the practical limitations 
in marketing some portions of the plant such as the stalks 
of the castor bean. A very important aspect of this problem 
is for us, as agricultural engineers, to determine whether 
the castor bean has a place in American agriculture. 

I believe this to be true of practically every chemurgic 
crop. Agriculture is, and always will be, mainly a food- 
producing industry. We all know that we have two kinds 
of land, that which produces a good crop practically every 
year and that which produces a good crop occasionally. 
When the latter produces a good crop, the former usually 
produces a bumper crop and we all know what normally 
happens to the price structure for farm products when this 


occurs. The marginal land contributes to a troublesome § 


surplus when this occurs. The castor bean is one of the 
most drought and insect-resistant plants, yet responds ex- 
ceptionally well to an abundance of rain. It appears that tt 
would be good business to emphasize food production on 
the land that consistently produces best, and divert the 
marginal lands to industrial crops. This would do much to 
eliminate troublesome food surpluses and give employment 
on the less fertile land. 
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Machinery Problems in the Production of 
Rubber-Bearing Plants 


By R. B. Gray 


MEMBER A.S.A.E. 


EVERAL plants that can be grown in this country for 

rubber production are under intensive study by the 

Agricultural Research Administration of the U. S. 
Department of Agriculture. Among the more promising 
are guayule, goldenrod, and the Russian dandelion (kok- 
saghyz). The Bureau of Plant Industry is doing the experi- 
mental work with the plants themselves. Plans are under 
way by the Forest Service for growing them in quantity, 
and this work is especially well advanced in the case of 
guayule. The BACE Division of Farm Mechanical Equip- 
ment Research is assisting in the program by working on 
the development of equipment necessary to cultivate, har- 
vest, and partially process these crops. The need is for 
equipment that can be readily duplicated. 

These three rubber-yielding plants are peculiar in that 
the main source of raw rubber is a different part of the 
plant in each case. In the guayule it is the woody portion 
of the shrub, including the roots, which has a rubber con- 
tent of some 15 per cent. The leaves are of no value for 
tubber, which is formed only in the permanent tissue, and 
the plant should be three or four years old before it be- 
comes economical to use. Then a yield of about 350 lb of 
rubber per acre per year may be expected. During the war- 
time emergency the Forest Service now expects to plant most 
of the seedlings on irrigated land where a yield of about 
415 lb per acre per year during two growing seasons in field 
plantations on land of high fertility is anticipated. In the 
goldenrod the rubber is found in the leaves which yield 
about 6 per cent, or some 75 Ib per acre per year. In the 
dandelion it is in the roots, with a content of about 5 to 8 
per cent, and perhaps 30 to 50 Ib per acre. In all cases the 
tubber content is figured on a dry basis. 

Guayule. Guayule has been a subject of study and a 
source of some rubber production for several decades. In 
1912, the year of greatest output, Mexico produced 10,000 
long tons of rubber from this plant. Field investigators of 
the Department of Agriculture now believe that the supply 
of harvestable native shrub is insufficient to meet the de- 
mands of increasing mill capacity for much more than three 
years. The 1940 production of 4,000 tons has increased 
somewhat and all guayule rubber manufactured in Mexico 
's now exported to the United States. In the United States 
the best location for cultivating this plant appears to be in 
the Salinas Valley of California, and it is here that the 
Intercontinental Rubber Company had started plantings 
some ten years ago and that production machinery develop- 
ments were subsequently inaugurated. On March 5, 1942, 
the domestic property, patents, and planting stock of this 
company were acquired by the United States, and Congress 
authorized the Secretary of Agriculture to plant up to 75,- 
000 acres (limit subsequently raised to 500,000 acres) to 
guayule or any other rubber-bearing plant. The Secretary 
assigned the Forest Service responsibility for administering 
the “Emergency Rubber Project” with the technical assist- 

Paper presented December 9, 1942, at the fall meeting of the Ameri- 
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ance of other Department agencies such as the Bureau of 
Plant Industry and the Bureau of Agricultural Chemistry 
and Engineering. Because of the extreme emergency, a 
huge expansion program was started and production ma- 
chinery developments gotten under way. Fortunately the 
company had devised at its headquarters near Salinas, Calif., 
some equipment which permitted getting off to a running 
start. The following discussion recounts the main problems 
in production machinery most of which is in the experi- 
mental stage. 

The production of the guayule shrub may be divided 
in general into two stages, nursery and field. In the nursery 
the seedbed is prepared by pulverizing the soil with cer- 
tain types of available tillage tools, after which the seed 
which previously has been soaked is planted. The special 
planter for this job consists essentially of a ribbed roller 
with seven ribs, spaced 7 in on center, which form grooves 
in the soil 2 in wide by 1 in deep in which the seed is de- 
posited at the rate of around 25 seeds per foot. In the same 
operation, to prevent the very light seed from blowing 
away, it is covered with sand conveyed to each groove by 
individual conveyor belts. After seeding, the beds are kept 
wet by frequent sprinkling from an automatic overhead 
irrigation system. The seven rows thus planted constitute 
the beds between which 8-in boards are laid flat for a 
“catwalk”’ to facilitate subsequent mechanical operations. 

Cultivating is performed by driving on these boards a 
one-plow tractor with a 56-in tread (center to center dis- 
tance of the boards) with gangs of small blades mounted 
on the rear which cut into the soil between the rows to kill 
the weeds. As this equipment does not get all of the weeds, 
those left are removed by hand. The weeding is done by 
two men or women who sit on a four-wheel cart and push 
it along on the boards as they pull the weeds. 

At the end of six or eight months the seeds, which are 
fluffy and shatter easily, are gathered from the young seed- 
lings with a vacuum device. The seeds are jarred loose 
from the plants by a small beater or brush and are sucked 
into a collecting box because of the partial vacuum created 
by a suction fan. After this operation the plants are cut 
back to a 2-in stubble with a mower of conventional design 
but with a high speed sickle and the whole bed uprooted 
with a tractor-drawn bed lifter. One type of lifter, con- 
sisting of a U-shaped plow with the floor flat and extending 
the full plot width, cuts off the roots about 8 in below 
the ground surface and breaks the soil so that the plants can 
be picked out readily by hand. This ends the nursery stage. 

The field stage begins with the transplanting of these 
lifted plants to the field with a conventional transplanter 
which is adapted for setting six rows at a time on 28-in 
centers and 12 to 24 in apart in the rows. Closer spacings 
are contemplated for shorter growth periods, say, two years 
in place of four. Because of the fact that these young 
plants have tap roots about 6 in long and must be planted 
vertically for best results, considerable thought was neces- 
sary to provide a transplanter runner which would perform 
satisfactorily at that depth. This was accomplished mainly 
by altering the furrow opener so that it would enter the soil 
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to an 8-in depth, adding some additional weight and 
strengthening the machine to withstand the extra load im- 
posed. Cultivation in the field is done by the usual tractor- 
drawn beet and bean cultivator although some hand hoeing 
is necessary. At harvest the shrub is uprooted. One type of 
equipment for this purpose which has been used, and which 
doubtless will be considerably revised in design, consists of 
a heavy windrowing plow mounted on the front of a large 
track-laying tractor and a pulled machine for picking up 
the windrow. Another being investigated is a modified beet 
lifter. Some of the farm machinery manufacturers are giv- 
ing excellent cooperation, particularly on this problem. The 
shrubs then had ordinarily been cut into short lengths with 
an ensilage cutter or field ensilage harvester preliminary to 
processing for rubber extraction. 

It has, however, developed that there is apparently a 
considerable loss of rubber content in storage when the 
material has been thus chopped so attention is now being 
given to baling for storage. Some preliminary tests have 
been made with an old-style portable baler with vertical 
baling chamber with promising results. Possibly it may be 
adapted to windrow baling. (The size of individual shrubs 
four years old range from 18 to 24 in across and 18 to 24 
in high and those seven to eleven years old are about 30 in 
across and 30 in high.) 

Goldenrod. One of the many activities of the late 
Thomas A. Edison was his search for a domestic rubber- 
bearing plant. During the latter years of his life he spent 
considerable time developing promising strains of golden- 
rod, of which the variety Solidago leavenworthii is con- 
sidered one of the best and is the main variety under study 
at the Bureau of Plant Industry plant introduction gardens 
at Savannah, Georgia. 


SOME OF THE PROBLEMS INCIDENT TO THE MECHA- 
NIZATION OF GOLDENROD PRODUCTION 

First of all, the propagation of the goldenrod by seed 
will be left out of the discussion because of its apparent 
impracticability at this time. It can, however, be propagated 
from both green stem cuttings and stolon sections or 
“pups”, a term originated by Mr. Edison. 

As methods stand now, the use of stem cuttings in- 
volves much hand labor. After the stems are stripped of 
their leaves they are cut into 6-in lengths and set in beds 
of sand for rooting, after which they are transplanted to the 
field. So far the stripping of the leaves, cutting the stems 
and setting in the sand have all been done by hand, but 
machinery for stripping and cutting is in process of de- 
velopment. By hand the leaves are stripped by holding the 
stem loosely in the clutched hand and pulling it through 
with the other hand against the direction of growth of the 
leaves. Mechanically this operation may be simulated by a 
system of brushes and rollers. Cutting has been done with 
shears but the stems may be bundled and cut to length with 
a band saw. A stripper will be necessary anyhow in case 
it is decided to dry only the leaves in place of the whole 
plant, as will be discussed later. The bed setting operation 
will likewise be mechanized if propagation from stem cut- 
ting proves to have sufficient merit. 

For transplanting either stem cuttings or stolon sections, 
transplanters of the conventional type, with possible slight 
alterations, will be employed. The transplants are set in 
rows about 30 in apart and spaced about 12 in in the row. 

The first season after planting the plants grow of course 
in distinct rows and can be harvested with a corn binder if 
the knives are sharp and the condition of the ground is 
favorable. However, any slippage of the drive-wheels causes 
the sickle to pull and loosen the stubble which retards its 
future growth. An auxiliary engine mounted on the binder 
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or a power-take-off drive may be necessary. The second 
year, however, the number of stalks is greater and the plants 
may fill in the space between rows. Then a power-driven 
grain binder may prove satisfactory. 

After harvesting, the plan now is to dry the whole 
goldenrod “ony in a tray drier after which the dried leaves 
can easily be removed by tumbling action in a revolvin 
drum. Or the whole plant can be put through an ensilage 
cutter and dried in a drum drier. The revolving drums of 
this type drier would cause the woody portion of the stems 
to tumble and break the leaves loose. The separating of the 
dried leaves from the stems would then be necessary and 
may be accomplished by a suction device drawing away the 
light leaf bits from the heavier woody stem pieces. Drying 
is necessary at present to permit keeping in storage for later 
rubber extraction. 

Should a field stripper be devised, then the leaves only 
would require handling and no doubt they could be dried in 
either type of drier. 

The harvesting of the stolons and preparing them for 
making additional plantings is another problem which is 
being given consideration. Perhaps a modified potato dig. 
ger may be the answer for digging the stolons. 

Because of the fact that very little work has heretofore 
been done dealing with the development of machinery for 
this crop, this activity really started from scratch and other 
and better ideas will be evolved as the program proceeds, 


RUSSIAN DANDELION INVOLVES EXPLORATORY WORK 
BEFORE STARTING A MACHINERY PROGRAM 

Russian Dandelion (kok-saghyz). The Russian dande- 
lion, considerably publicized in recent months as a possible 
practical source of rubber, is a native of Russia. A quantity 
of seed was imported from that country early this year. Ex- 
perimental plantings have been made at various locations 
in the United States, Alaska, and Canada with varying 
results. The rubber from this plant comes entirely from the 
root or rhizome, and because of the character of the plant 
it requires still another approach from the production ma- 
chinery standpoint. Our engineering activities dealing with 
this plant are centered at the Beltsville Research Center 
where the Bureau of Plant Industry has a few acres of the 
crop under observation. 

The fluffy seeds, much like those of our common dande- 
lion, are sometimes prepared for planting by mixing with 
sawdust, one part by weight seed to about fifteen parts of 
the sawdust. The mixture is sown about April 1st with a 
seeder in rows some 12 in apart, and so that the plants will 
be about 4 in apart in the row. The planting has been done 
with an ordinary garden planter, but this involves consid- 
erable hand work in thinning and weeding after the seed- 
lings appear. The plants may also be grown from root sec- 
tions. This of course necessitates the use of a different 
planter, one that works on the potato planter principle. 

So far it seems that cultivation can be done best with 
a beet-type cultivator since on that type shovels can be 
positioned on the tool bar according to row spacing. As 
the seedlings are tender and break through crusts with dif- 
ficulty a good stand is hard to get. 

The harvesting involves seed gathering as well as col- 
lecting the roots. One machine used in Russia for harvest- 
ing the seed includes a revolving brush which whisks the 
seeds off the seed head and a vacuum device for drawing 
them into a collection box. For harvesting the roots the use 
of a modified beet lifter is contemplated. 

As only sketchy information is available on the habits 
of this plant and little is known about production machin- 
ery for it, considerable exploratory work appears necessaty 
before a definite machinery program can be developed. 
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RCH to aid users of alloys... 


FIELD offices are maintained by International Nickel’s 

Development and Research Division and by qualified 
distributors. Nickel field representatives are always 
on the go. These men offer practical advice about 


selection, fabrication and uses of metals. Assistance 


is likewise offered on problems arising from the diver- 
j sion of Nickel to war industries. 


Also available are many useful publications for the 


information of alloy users to serve as practical guides 
for new employees and for men performing new 
operations. 
For a check list of available published information 
or a quick personal answer to your specific questions 
about Nickel alloys, please address: 
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IME INTERNATIONAL NICKEL COMPANY, INC, Su" 
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Many concrete farm improvements 
are, in effect, extra farm hands 
on the job full time! 


The experience and ingenuity of agricultural engineers 
can be a powerful factor in helping the farmer increase 
food production. While many people are pondering over 
relief for the farm manpower shortage, agricultural 
engineers are designing and applying labor saving im- 
provements to lighten the farmer’s burden. 

For example, a paved barnyard on a dairy farm keeps 
cattle out of the mud—saves hours of time every day 
in grooming the cattle for milking. And a concrete dairy 
barn floor reduces the hours of labor necessary to main- 
tain “Grade A” cleanliness. Then, too, stockmen and 
hog raisers find that concrete feeding floors help get 
animals to market weights faster and with less feeding. 

A wide range of helpful farm improvements can be 
built of concrete without critical materials and with 
minimum use of transportation. 


Our engineers will be glad to consult with you on 
farm building design and construction problems. 


PORTLAND CEMENT ASSOCIATION 
Dept. A4-1, 33 W. Grand Ave., Chicago, Ill. 


GIVE TO THE RED CROSS 
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“Terracing Is Now Farming” 
To THE EpIror: 


HANK you for calling my attention to the editorial, 
entitled ““Terracing Is Now Farming’’, which appeared 
in the February issue of AGRICULTURAL ENGINERR. 
ING. I sincerely hope this editorial will get around to 


some of those who have encouraged straight-row plowing § 


and completely clean plowing at some of the largely a. 
tended plowing contests. At one such contest, it was te. 
ported that honors were given for such things as plowing 
straight rows on a rounded terrain and turning under ali 
the covering of vegetation, thus undoing the best efforts of 
nature toward soil stabilization. In certain areas we may 
be obliged to turn some crop residues completely under 
for insect or disease control, but on the whole the mold. 
board plow has been used far more extensively than con- 
ditions warrant. 


It is encouraging indeed that such practices as terracing, 
contouring, and good rotations to meet the needs of the 
soil or type of farming and the economy of the farmers 


are gradually becoming a part of our American farming 
system. 


I have just returned from a trip through the old, ter. 
ribly eroded, hill country of north Georgia and_ south. 
western South Carolina, where conservation is becoming 
so prominent that one seldom gets out of sight of it along 
the principal highways. I talked to many of the farmers . . 

. and walked with them in their fields and pastures to 
see what they were doing with contour cultivation, terracing, 
the growing of kudzu, Sericea, etc., to. hold the land and 
to build it up so as to increase their yields and income. And 
I found these people firmly attached to this new method 
in agriculture—a system that has to do with permanent 


protection of the land so it will support a permanent agri 
culture. 
HuGH H. BENNETT 


Chief, Soil Conservation Service 
U. S. Department of Agriculture 


“ Agricultural Climatology” 


To THE Epiror: 
AST MONTH W. A. Junnila asked me to send you 


suggestions about proposed work in agricultural clim- 
atology. 


Originally climatology was studied largely for its effec 
upon agriculture. Within recent years the transportation 
industry, especially aviation, has made very rapid and im 
portant advances in this field. The study has great oppor- 
tunity in agriculture. If farmers could tell two to six weeks 
in advance about the possibilities of frost, rains, and storms, 
it would save them millions of dollars. Just yesterday | 
read that two tornado forecasting stations were being in- 
stalled in the high plains of central and western Kansas 
As soon as the war is over, it may be possible to get out 
long-range forecasts on many phases of the climate. 


There is a good field for students trained in the study 
of climatology. Whether this course is handled by agt: 
cultural engineering or physics departments should be de 
termined by the qualifications of the instructors available. 
The course must be fairly highly developed on physics 0 
the air to be of much value. I think it is a field for us to 
consider, but not to jump into without some consideration. 


J. H. NEAL 


Head, agricultural engineering dept. 
Alabama Polytechnic Institute 
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Valuable 
design data for 
agricultural 
engineers 


Atreapy agricultural engineers are planning 
bahead for more efficient machinery in the post- 
war period. One of the advantages they will have 
| is better metals to make this equipment. 

Here at ARMCO, war research is developing 

special-purpose sheet metals with remarkable 
new properties and constantly improving the 
folder metals. 
These metals indicate that post-war farm ma- 
sp chinery will be lighter, stronger and more effi- 
fcient. Even now, manufacturers are designing 
future equipment that will be used more and that 
will cost less. For example, one machine to do 
s the work of three. 

The booklets described here give much useful 
information on ARMCO Sheet Metals — some of 
which have already been used for farm equip- 
ment, others which have interesting post-war 
possibilities. Just tell us the names of the book- 
lets you want, mentioning your company or 
affiliation. The American Rolling Mill Company, 
1051 Curtis Street, Middletown, Ohio. 


aamco 
ALUMINIZED 
STEEL 


—_y— 


aaguco 


ENAMELING 


ROLLING MILL COMPANY 
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WORKABLE ZINC-COATED SHEETS 


“Useful Facts about Armco Z1nc- 
GRIP,” a zine-coated steel that does not 
peel or flake when severely formed. 
Chock-full of valuable fabricating 
tips on deep drawing, roll and brake 
forming, welding, recoating joints, 
soldering and finishing. 


PAINTABLE GALVANIZED SHEETS 


Tells about the original galvanized 
bonderized sheet metal that takes and 
preserves paint. Reveals results of 
tests and describes in detail the rec- 
ommended fabricating and finishing 
practices. There are special sections 
on welding. 


HIGHLY REFINED IRON 


“Where to Use Armco Ingot Iron... 
and Why.” This highly refined, dura- 
ble iron is described in a 20-page 
booklet. Sets forth service records, 
explains the various grades, and ex- 
plains working of sheets and plates. 


CHROMIUM-NICKEL STAINLESS 


A 24-page booklet that interprets 
the uses and characteristics of the 
Chromium-Nickel grades of Armco 
Stainless. Includes corrosion resis- 
tance data of all kinds and gives 
physical properties of each grade. 


HIGH STRENGTH STEEL 


Shows how Armco High Strength 
Steels save dead weight on trucks 
and other transportation equipment. 
Gives the physical properties of these 
steels and their practical design value. 
Also data on fabricating and methods 
of welding. 


ALUMINIZED STEEL 


This new Armco product has a steel 
base coated with aluminum—combin- 
ing the surface characteristics of alu- 
minum with the physical properties 
of steel. The booklet gives detailed 
information about the various prop- 
erties of this new sheet. 


ARMCO ENAMELING IRON 


Discusses the properties of these en- 
ameling sheets, first pioneered by 
Armco. Gives the grades available 
and data on drawing, welding and 
pickling. Explains common enamel- 
ing difficulties and describes standard 
tests for quality. 
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The WHEELS You NEED 
in WAR and PEACE 


a 


re OREO a 


FRENCH & HECHT OFFER YQU 


Designings to insure correct wheel types for 
your particular requirements. 


Testingm to verify the suitability of your wheel 
selection. 


Productions to insure scheduled deliveries of 
the quantities you require. 


EVERY TYPE and SIZE of WHEEL 


ension-Bilt 


STEEL WHEELS 


the lighter, yet stronger, spoke wheels —the most 
widely used of all wheels in agriculture. 


CAST SEMI-STEEL WHEELS 
in a complete range of sizes for 1001 uses in industry. 


PRESSED STEEL WHEELS 


for many duties, notably on services formerly requir- 
ing rubber tires. 


French & Hecht engineers are at your disposal 


WE to assist you in analyzing your wheel needs— 
INVITE with or without rubber tires. Please feel free 
Your to consult with us. Rubber tired wheels are 

now available ONLY to purchasers who can 
INQUIRIES 


qualify under current government war 
restrictions. 


* 


Fire pump trailer with 

steel tired spoke wheels 

designed for later re- 

placement with rubber 
tired wheels. 


* 


PLEASE 
ADDRESS 
Dept. B 


FRENCH & HECHT, INC. 


Wheel Builders Since 1888 
DAVENPORT, TOWA. U.S. Ax 
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NEWS SECTION 


A.S.A.E. Meetings Calendar 


June 21 to 23—Annual Meeting, Purdue University, La. 
fayette, Ind. 


December 6 to 8—Fall Meeting, La Salle Hotel, Chicago, 
Ill. 


A.S.A.E. Officers for 1943-44 


S A RESULT of the annual election of officers of the Amer. 


can Society of Agricultural Engineers conducted in recen: 


weeks by letter ballot, the following officers have been elected ani 


will take office at the close of the annual meeting of the Sociey 


in June: 

President, Arthur W. Turner, educational advisor, Internation: 
Harvester Co. 

Councilors (3-year term each), W. D. Ellison, project supe. 
visor, watershed and hydraulic studies (SCS), U. S. Departmen: 
of Agriculture, and F. C. Fenton, head, agricultural engineering 
department, Kansas State Agricultural College. 

The new Council of the Society for the year 1943-44 will in. 


W. Kable and H. B. Walker, past-presidents; and C. E. Frudden 

R. W. Carpenter, E. C. Easter, and B. P. Hess, councilors. 
The newly elected Nominating Committee of the Society wil! 

consist of A. W. Clyde (chairman), J. D. Long, and S. P. Lyle. 


Agricultural Engineering Field Day 


N MAY 21 the A.S.A.E. Washington (D.C.) Section will 

hold a field day at the Beltsville (Md.) Research Center 
The program will consist of a tour of the Research Center t 
observe work in progress of various USDA bureaus, including 
greenhouse equipment for soilless culture, rubber investigations, 
demonstration of tractor-power-operated manure loader, meat de- 
hydration equipment, home dehydration equipment, inspection oi 
ag engineering laboratory, new insecticide equipment, contour 


ridge structure, sumac and milkweed plantings, and others. Th 
Washington Section cordially invites agricultural engineers wf 


attend its field day. 


Personals of A.S.A.E. Members 


Mills H. Byrom, formerly on the agricultural engineering staf 
of the A.&M. College of Texas, is now associate agriculturl 
engineer (BPISAE), U. S. Department of Agriculture, and is en- 
gaged in engineering research work on fiber processing machinery 
and is located at Leland, Miss. 


A. W. Clyde, professor of agricultural engineering, Pennsy!- 
vania State College, is author of Bulletin No. 441, entitled “Using 
the Tractor Efficiently” just issued. This was originally issued a 
Bulletin 343, but has been revised and brought up to date. 


A. Kirk Crawford is an instructor in the electrical engineering 
department, U. S. Naval Training School, at the University o! 
Minnesota, Minneapolis, and is teaching mathematics and elect: 
city to sailors. He was formerly instructor in agricultural eo 
gineering at the Northwest School of the University of Minne 
sota at Crookston. 


H. W. Dearing, Jr., assistant extension agricultural engineet. 
Alabama Polytechnic Institute, has recently expanded his activity 
in extension work to include an equal emphasis on rura! electt- 
fication along with the farm structures work in which he pre 
viously specialized. 

W. W. Hair, Jr. has been assigned to the War Department. 
U. S. Engineer Office, in Washington, with the rating of a 
sociate engineer (civil). He was previously assistant agricultuté! 
engineer in the Soil Conservation Service. 


Joe S. Hawkes is now an engineer in the developmen: depatt: 


ment of Goodyear Tire & Rubber Co., and is engaged in war wotk J 


on bullet seal fuel tanks for airplanes. He says he hopes to get 
back into agricultural engineering work after the war. 


Keith Hinchcliff, in his capacity as assistant extension agricul 
tural engineer, Mississippi State College, has prepared plans for 
an improved knocker type lime spreader (Continued on page 132) 
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“How you makin’ our, Jim, 


” 
wire Bie ano Eo in THE ARMY ? 


Your Milker 


Keeping all parts of your milker unit clean is one 
of the best ways to avoid breakdown. It should be 
installed in a clean, dry place away from the dust 
of hay and feed; if necessary, relocate it. Keep motor 
properly lubricated. Frequently check the oil level 
in the pump and change oil every month. Keep belt 
aligned and at proper tension. Clean vacuum hose 


Milker unit with 
motor and vacu- 
um pump 


regularly to prevent plugging or collapse. Rinse teat 
cups and other rubber parts in cold water, or wash 
immediately after using. Alternate two sets of teat 
cups weekly; this will increase their service period 
around 30 per cent. In case of breakdown do not 
attempt to repair unit—call a trained service man. 


Your Milk Cooler 


If possible locate motor and condenser in a room 
of their own. It is important that they be kept clean. 
Clean condenser coils frequently. If the unit is not 
cooling properly, or if there is anything unusual about 
its operation, do not attempt to repair it. It needs 
the attention of an experienced service man. 


GENERAL @ ELECTRIC 
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ELECTRIC EQUIPMENT 
THESE DAYS.” 


PHERE’S HOW TO KEEP YOUR ““WIRED HANDS” FIT 


Your Water System 


Guard against trouble by making regular inspec- 
tions. Lubricate motor, and check belt. Drain pump 
oil at least once a year, and refill; SAE 20 is excellent 
for this purpose. Check packing box every two months; 
if there is leakage, tighten nut while pump is running. 
A slight leakage, about two or three drops per min- 
ute, is necessary however, as this releases tension 
on the piston and lubricates the rod. To keep shallow- 
buried pipes from freezing, wrap with soil-heating 
cable, or pile hay or sawdust over them. Allow 
spigots to trickle in extremely cold weather. 


All Rubber Parts 


Keep all rubber parts clean; be particularly careful 
with butterfats, which cause deterioration. Use care 
in handling—rubber cuts easily when wet. Do not 
use chlorine solution stronger than one teaspoon in 
five gallons. If lye is used in the care of rubber, keep 
it away from the metal, which it corrodes. 


Cleaning refrigerator 
unit with air-blower. 
A standard vacuum 
cleaner can also be 
used. 


Before calling a service man, check to see if you can 
locate the trouble. It may save him extra trips, and 
will save you expense. Ask your County Agent or the 
farm representative of your electric company for 
advice and help in maintaining your equipment for 
the duration. General Electric, Schenectady, N. Y. 


303-10-155 
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ment should be mobile to be most practical. 


Let Us Plan EWC WHEELS 
and MOUNTINGS for Your 
Stationary Equipment! 


Almost any type of machinery can be made more 
efficient if it is made portable—with the help of EWC 
Wheels, Axles, Springs, Tongues, etc. In these fast-moving days, when minutes count, equip- 


Ww 


Write us for Illustrated Bulle 
tins—and for sound engineering} 
help based on more than 50 years 
of manufacturing experience. . 


ELECTRIC WHEEL C0. 


DEPT. AE, QUINCY, ILLINOIS 


Gold Star A.S.A.E. Members 


Samuel J. Baldwin, Lieutenant, Battery E, Anti-Aircraft Artil- 
lery, U.S. Army, passed on suddenly on February 13 at Fort Bliss, 
Texas. Lieutenant Baldwin was a member of the A.S.A.E. and a 
1940 graduate in agricultural engineering of the A. &.M. College 
of Texas. 


Personals of A.S.A.E. Members 
(Continued from page 130) 


(Miss. Ext. Plan No. 316-3). He is also putting out an interesting 
mimeographed periodical bulletin, entitled “Farm Building News.” 

Frank J. Hoyt is now employed as senior engineering aide 
(SCS), U. S. Department of Agriculture, and is located at Pine 
Valley, Calif. 


O. W. Israelsen, professor of irrigation and drainage engineer- 
ing at Utah State Agricultural College and research professor of 
irrigation and drainage in the Utah Experiment Station, because of 
his outstanding researches during the past quarter century, was 
selected to give the 1943 faculty research lecture, a yearly event 
sponsored by the U.S.A.C. faculty association. The lecture was 
delivered before the college assembly on March 10 under the title 
“Irrigation Science—the Foundation of Permanent Agriculture in 
Arid Regions.” We believe that a limited supply of printed copies 
of Dr. Israelsen’s lecture will be available upon request. 


R. Erwin Jezek, until recently junior agricultural engineer in 
the former USDA Bureau of Agricultural Chemistry and Engineer- 
ing, was recently transferred to the Emergency Guayule Rubber 
Project, and since his transfer he has been promoted to “assistant 
agricultural engineer.” 


William Kalbfleisch, agricultural engineer, field husbandry di- 
vision, Experimental Farms Service, Canadian Department of Agri- 
culture, is author of Farmer's Bulletin No. 116, entitled “Mower 
Repairs and Adjustments,” recently issued. 

James M. Martin is now research engineer for John Bean Mfg. 


Co., Lansing, Mich. He formerly held a similar position with 
Massey-Harris Co. 
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A. Stephen Paydon is now assistant agricultural engineer (BPI- 
SAE), U. S. Department of Agriculture, and is engaged on the 
development of farm machinery for the production of rubber from 
goldenrod, a project which is part of the USDA emergency rub 
ber production program. He is located at the plant introduction 
gardens of the Department at Savannah, Ga. 

R. O. Pierce, who was detailed for a 3-month period to the 
USDA Emergency Guayule Rubber Project in California, has now 
returned to his duties as associate civil engineer (FSA), U. S. 
Department of Agriculture at Denver, where he is engaged in 
irrigation work. 

H. P. Smith, chief, and M. H. Byrom, formerly agricultural 
engineer, division of agricultural engineering, Texas Agricultura § 
Experiment Station, are joint authors of Bulletin No. 621, eo §) 
titled “Effects of Planter Attachments and Seed Treatment on | 
Stands of Cotton,” issued by that station. Mr. Smith is also one of 
the authors of Circular No. 98 of the same station, entitled “Pro 
duction, Diseases, and Insects of Garlic in Texas.” 


Applicants for Membership 


The following is a list of recent applicants for membership in the 
American Society of Agricultural Engineers. Members of the Society are 
urged to send information relative to applicants for consideration of the 
Council prior to election. 


eee 


—————_—) 


Clarence W. Bockhop, student in agricultural engineering, 
407 Welch, Ames, Iowa. 

Earl A. Fritz, engineer of dehydration, Cleaver Brooks Co, 
Milwaukee, Wis. (Mail) 4109 N. 35th St. 

Robert W. McLaughlin, chairman of board, American Houses, § 
Inc. (Mail) Bedford Village, N. Y. 

John A. Rogers, assistant county agent, Alabama Fxtension 
Service. (Mail) Union Springs, Ala. 

William O. Wallinder, associate civil engineer (FSA), U. S. 
Department of Agriculture, (Mail) 1105 N. Meade Ave., Glet 
dive, Mont. 

Raymond E. Wetmore, agricultural representative (District No. 


22), Provincial Department of Agriculture. (Mail) Fredericton, 
N. B. Canada. 
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FACTORY 


a@ : LCO FABRICATED 


LAMINATED PRODUCTS 


are available for priority construction 


>» Wood and glue are meeting the present rush needs for fast, 
economical construction. From them Rilco is factory fabricat- 
ing glued laminated roof arches, trusses and beams for build- 
ings with vast, post-free spans up to 200 feet. 


Right now Rilco Laminated Products are being used in the 
construction of factories, airplane hangars, drill halls, storage 
buildings, churches, theatres, recreation centers. 


Soon we hope, they'll be more readily available for farm 
structures, engineered, factory built and delivered to farm— 
sturdy glued laminated arch rafters for post-free barns, with 
large brace-free mow space, and for smaller post-free one story 
barns—rafters for post-free machine sheds, for brooder and 
laying houses, for hog houses and other farm structures. 

Because Rilco Rafter Arches are a single unit combining 
sidewalls and roof, they are a continuous framing member, 
from foundation to roof ridge. Thus they eliminate the weak- 
est point of ordinary construction, the joining of sidewall to 
roof member. Rilco Rafter Arches assure stronger, wind-resist- 
ant building. They save time in erection and assure important 
savings of material. 

Technical data and illustrated literature are available on 
request. Write today for details on Rilco Laminated Products. 

PRODUCTS FOR A WIDE 


Copyright 1943, R. L. P., Inc. 
Le VARIETY OF USES 


RILCO LAMINATED PRODUCTS, INC. 
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TIMKEN ROLLER BEARINGS | 
_ ina SINGLE CYLINDER , 
ENGINE? 


No Wisconsin Engine, so far as we know, has ever 
had a case of “Bearing Failure.” Basically, this is an 
end result of using Timken Roller Bearings at both 
ends of the crankshaft. Normally, small engines 
are not provided with this safeguard . . . but every 
Wisconsin Engine, whether single cylinder or 4 Cyl.; 
Thp.or35 hp., has this heavy-duty service protection. 
This is a typical example of Wisconsin Air-Cooled 
Heavy-Duty Engine design and construc- 
tion . . . geared to maximum utilization 
of power-operated equipment. 
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GATOR 


Trade Mark Reg. U. S. Pat. Office 


STEEL BELT LACING 


World famed in general serv- steel, ‘Monel Metal’ and non- 
ice for strength and long life. A magnetic alloys. Long lengths 
flexible steel-hinged joint, smooth supplied if needed. Bulletin A-60 
on both sides. 12 sizes. Made in’ gives complete details. 


|FLEXCO |F-11> 


BELT FASTENERS AND RIP PLATES 


For conveyor and elevator belts 
of all thicknesses, makes a tight 
butt joint of great strength and 
durability. Compresses belt ends 
between toothed cupped plates. 
Templates and FLEXCO Clips 
speed application. 6 sizes. Made 
in steel, “Monel Metal’, non- 


magnetic and abrasion resisting 
alloys. 

By using Flexco HD Rip Plates, 
damaged conveyor belting can be 
returned to satisfactory service. 
The extra length gives a long 
grip on edges of rip or patch. 
Flexco Tools and Rip Plate Tool 
are used. For complete 
information ask for 
Bulletin F-100. 


Sold by supply houses 
everywhere 


4677 Lexington St. 
Chicago, Ill. 


Agricultural Engineering Digest 


A review of current literature by R. W. TRULLINGER, assistant chief, 

Office of Experiment Stations, U. S. Department of Agriculture. 

Copies of publications reviewed may be procured only from the 
publishers at the addresses indicated. 


—. 


1 
A PorTABLE CHARCOAL KILN, USING THE CHIMNEY PRINCI. 
PLE, A. R. Olson and H. W. Hicock. Connecticut Ag. Exp. Sta. 
(New Haven), Bul. 448 (1941). The kilns described represent 
an adaptation of the chimney principle as developed by Swedish 
engineers to the manufacture of charcoal in a portable apparatus, 
The results constitute a compromise between a design which 
theoretically should produce the best results and one suitable to 
conditions in this country, in particular one which requires a 
minimum of expense to build and to operate. 


The principal advantage in the use of the chimney in con- 
junction with localized air inlets lies in the fact that, once the 
coaling of the charge is well under way, little further attention is 
needed until the kiln is ready to close at the end of the burn. The 
use of a chimney on a four-cord, cylindrical, metal kiln was not 
considered satisfactory because of the considerable expense in con- 
structing the internal duct system needed to admit air and emit 
smoke, and in building and charging cylindrical or dome-shaped 
kilns. A chimney is used on the rectangular kilns, but there is no 
internal-duct system other than that made when stacking the wood. 
Construction is consequently much simplified. One disadvantage of 
the rectangular shape is the care needed in order to get a good 
spread of fire over the rear-end panel. The wider this panel, the 
more attention required. It is believed that a four-cord kiln 6.5 ft 
high, 5.5 ft wide (to accommodate 5-ft wood), and 16 ft long 
would be much easier to handle than the four-cord kiln described 
above. Detailed bills of materials and complete sets of working 
drawings for both the one-cord and the four-cord kiln are in- 
cluded, together with full directions and time schedules for 
operation. 
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IRRIGATION REQUIREMENT OF ARABLE OREGON Solts, W’. L. 
Powers and M. R. Lewis. (Coop. USDA et al) Oregon Ag. Exp. 
Sta. (Corvallis), Bul. 394 (1941). This bulletin records data on 
duty of water obtained by the Station and cooperating agencies 
during the past 30 years. Definitions for some of the important 
terms are given, duty-of-water studies are described, and their 
values are discussed. The factors affecting net and gross duty are 
also listed and considered before the data are presented. In part, 
the contents are: Methods of net duty-of-water studies, factors 
affecting the net duty, additional factors affecting gross duty of 
water, interpretation of data, useful water capacity of irrigable 
soils, conversion of useful soil moisture from percentage to inches, 
irrigation requitement of the coastal drainage basin, irrigation 
requirement of Willamette Valley Basin soils, conclusion as to 
current economic irrigation requirement for Willamette Basin, mid- 
Columbia Basin drainage area, irrigation requirement of Snake 
River drainage basin areas, irrigation requirement of Klamath, Lost 
River, and Goose Lake drainage areas, irrigation requirement of 
Great Basin drainage area, general considerations, and other inves- 
tigations needed. 
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CHEMICAL COMPOSITION OF WATER IN THE PUTAH CREEK 
BasINn, C. S. Bisson and M. R. Huberty. California Ag. Exp. Sta. 
(Berkeley), 14 (1941), No. 3. Within the period of time covered, 
water from wells perforated at one stratum only, but of various 
depths, is remarkably constant with respect to chemical composi- 
tion. Wells perforated at more than one stratum show a variable 
salt content. In general, ground waters of Putah Creek Basin are 
of good quality for irrigation. The total salt content is relatively 
low as is the sodium percentage. Some well waters, however, con- 
tain sufficient boron to cause injury to many crop plants. The well 
waters of this area are characterized by a relatively high bicarbonate 
content. The sodium percentage increases with depth of watet- 


bearing formation. The boron content varied between ) and 
2.02 ppm. 


THE SANITARY EVALUATION OF PRIVATE WATER SUPPLIES, 
R. L. France. Massachusetts Ag. Exp. Sta. (Amherst), Bu!. 383 
(1941). This is a popular outline of the subject of the pollution 
and contamination of spring and well waters, their protection from 
the entrance of substances rendering them unfit for human con- 
sumption, and their bateriological examination for the detection 
of pollution and contamination. It is noted that but two diseases 
(typhoid fever and dysentery) are known to spread by water- 
supply contamination in Massachusetts, and that contamination of 
rural private water supplies with the organisms of either disease 
has ceased to be a public-health problem in the state. It is the 
purpose of the present bulletin to give information concerning some 
aspects of the subject of water contamination and testing whit 
have been little known or little understood by the general public. 
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